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ADVERTISHEMENT.

[Seventh Annual Report.!{

The publications of the United States Geological Survey are issued in accordance with the statute
approved March 3, 1879, which declares that—

*The publicationsof the Geclogical Survey shall consist of the annual repm t of operations, geologlc‘ll
and econcmic maps illustrating the resources and ¢lassification of the lands, and reports upsn general
and economic goology and paleontclogy. The anuual report of operations of the Geological Survey
shall accompany the unnual report of the Secretary of the Imfierior. All special memoirs and reports
of said Survey shall be issued in uniform quarto series if deemed necessary by the Director, but other-
wise in ordinary oetavos. Throe thousand copies of each shall he published for scieniific exchanges
and for saleat tho price of publication ; and all literary und cartographic materials received in exchange
shall be the property of the United States and form a part of the library of the organization: And the
money resulting from the sale of such publications shall be covered into the Treasury of the United
States.”

On July 7, 1883, the following joint resolution, referring to all Government pnblications, was passed
by Congress:

* That whenever any docnment or reportshall be ordered printed by Congress, there shall be printed,
in addition to the number in each case stated, the usnal number’ (1,900) of copics for bmdmg and
distribution among those entitled to rcceive them.’

Exceptin those cases in which an extra number of anyg publication hus been supplicd to the Survey
by special resolntion of Congress or has been ordered by the Secretary of the Interior, this office has
no copies for gratuitous distribution.

ANNUAL REPORTS.

I. First Annual Report of the United States Geological Survey, by Clarence King. 1880. 8°. 79 pp.
1 map.—A preliminary report describing plan of organization and publications.

II Second Aunnnal Report of the United States Geological Survey, 1880-'81, by J. W. Powell. 1882,
80. 1v, 588 pp. 61 pl. 1 map.

III. Third Annual Report of the United States (eological Survey, 1881-'82, by J. W. Powell. 1883,
80, xviii, 564 pp. 67 pl. and maps.

(V. Fonrth Annual Report of the United States Geological Sur vey, 1882-"83, by J. W. Powell. 1884,
89, xxxii, 473 pp. 85 pl. and maps.

V. Fifth Aunnal Report of the Tnited States Geological Survey, 1883-'84, by J. W. Powell. 1885.
89, xxxvi, 469 pp. 58 pl. and maps.

VI. Sixth Aunual Report of the United States Geological Survey, 1884-'85, by J. W. Powell. 1886.
80, xxix, 570 pp. 65 pl. and waps.

VIL. Seventh Annual Reportof the United States (Goeological Survey, 1885-'86, by J. W. Powell. 1882,
89. xx,G56 pp. 72 pl. and maps

The Eighth and Ninth Annual Reports are in press.

MONOGRAPHS.

Momnograph I is not yet published.

IT. Tertiavy History of the Grand Caiion District, with atlas, by Clarence E. Dutton, Capt. U. S, A,
1882, 4°. xiv,264 pp. 42 pl. and atlus of 24 sheets folio. Price $10.12.

III. Geology of the Comstock Lode and the Washoe District, with atlas, by George F. Becker. 1882,
49, xv,422 pp. 7 pl. and atlas of 21 sheets folio. Price $11.

1V. Comstock Mining und Miners, by Eliot Lord. 1883. 4°. xiv, 451 pp. 3 pl. Price $1.50.

V. The Copper-Bearing Rocks of Lake Superior, by Roland Duer Irving. 1888, 4°, xvi, 464 pp,
151. 29 pl. and maps. Prico$l 85.

VI. Contributions to the Knowledge of thé Older Mesozoic Flora of Virginia, by William Morris
Fontaino. 1883. 4°. xi, 144 pp. 511. 54 pl. Price $1.05.

VIL. Suver-Lead Deposits of Fureka, Nevada, by Joseph Story Curtis. 1884. 4°. xiii, 200 pp. 16

pl. Price $1.20.
1



I ADVERTISEMENT.

VIII. Paleontology of the Eureka District, by Charles Doolittle Walcott. 1884, 4°. xiii, 298 pp.
241. 24 pl. Price $1.10.

IX. Brachiopoda and Lamellibranchiata of the Raritan Clays and Greensand Marls of New Jersey,
by Robert P, Whitfield. 1885. 4°, xx,338 pp. 35 pl. 1map. Price $1.15,

X. Dinocerata. A Monograph of an Extinct Order of Gigantic Mammals, by Othniel Charles Marsh.
1886. 4°. xviii, 243 pp. 661. 56 pl. Price $2.70.

X1. Geological History of Lake Lahontan, a Qnaternary Lake of Northwestern Nevada, by Israel
Cook Russell. 1885. 4°. «xiv,288vp. 46 pl. and maps. Price $1.75,

XTI. Geology and Mining Industry of Leadville, Colorado, with atlas, by Samnel Franklin Emmons.
1886. 49. xxix, 770 pp. 45 pl. and atlas of 35 sheets folio. Price $8.40.

XIIT. Geology of the Quicksilver Deposits of the Pacific Slope, with atlas, by George F. Beuker
1888. 4°. xix, 486 pp. 7 pl. and atlas of 14 sheets folio. DPrice $2.00.

XIV. Fossil Fighes and Fossil Plants of the Triassiv Rocks of New Jersey and the Conuectlcut Val-
ley, by John 8, Newberry. 1888, 49, xiv, 152pp. 26 nl. Price $1.00.

In preparation: ’ :

XV. Yonnger Mesozoic Flora of Virginia, by William M. Fontaine.

XVI. Paleozoic Fishes of North America, by J. S. Newherry.

XVTII. Description of New Fossil Plants from tho Dakota Group, by Leo Lesquersux.

— Gasteropoda of the New Jersey Cretaceons and Eocene Marls, by R. I, Whitfield.

—Geology of the Eureka Mining District, Nevada, with atlas, by Arnold Hague.

—Lake Bonneville, hy G. XK. Gilbert.

—Sanropoda, by O. C. Marsh.

— Stegosanria, by O. C. Marsh.

— Brontotheridee, by O. C. Marsh.

— The Penokee-Gogebic Iron-Bearing Series of North Wisconsin and Michigan, by Roland D. Inving.

—Report on the Denver Coal Bagin, by 8. F. Emmons.

— Report on Silver Cliff and Ten-Mile Mining District, Colorado, by S. F. Emmons.

—Flora of the Dakota Group, by J. 8. Newberry.

—The Glacial Lake Agassiz, by Warren Uphdm

—Geology of the Potomac Formation in Virginia, by W. M. Fontaine, -

BULLETINS.

Each of the Bulletins contains but one paper and is complete in itself. They are, however, num-
bered in a continuous sc¢ries, and may be bonnd in volumes of convenient size. 'To facilitate this,
each Bnlletin has two paginations, one proper to itself and another which belongs to it as part of the
volume.

1. On Hypersthene- Andesite and on Triclinic Pyroxene in Augitic Rocks, by Whitman Cross, with a
Geological Sketch of Buffalo Peaks, Colorado, by S. F. Emmons. 1883, 8°. 42pp. 2pl. Price 10 cents.

2. Gold and Silver Conversion Tables, giving the coining valnes of troy onnecs of fine metal, ete., com-
poted by Alvert Williams, jr. 1883. 8°. 8 pp. Price 5 cents,

3. On the Fossil Faunas of the Upper Devonian, along the meridian of 76° 3¢/, from Tompkins County,
N, Y., to Bradford Couunty, Pa., by Henry S. Williams. 1884. 8°. 36 pp. Price 5 cents.

4. On Mesozoic Fossils, by Charles A. White. 1884, 8. 36 pp. $pl. Price 5 conts.

5. A Dictionary of Altitndes in the United Sta.tes compiled by Henry Gannett. 1884, 8°, 325 pp.
Price 20 centas.

6. Elevations in the Dominion of Canada, by J. W. Spencer. 1884. 8°. 43 pp. Price 5 cents.

7. Mapoteca Geologica Americana. A Catalogne of Geological Maps of America (North and South),
1752-1881, in geographic and chronolosi¢c oi1der, by Jules Marcon and John Belknap Marcon. 1884.
g0, 134 pp. Price 10 cents.

8. On Secondary Enlargements of Mineral Fragments in Certain Rocks, by R. D. Irving and C. R.
Van Hise. 1884. 89, 56pp. 6pl. Price 10 cents.

9. AReport of work donein the Washington Laboratory during the fiscal year 1883-'84¢. ¥, W, Clarke,
chief chemist; T. M. Chatard, assistant chemist. 188f. 8°. 40 pp. "Price 5 cents.

10. On the Cambrian Faunas of North _America. Preliminary studies, by Charles Doolittle Walcott,
1881. 80. 74 pp. 10 pl. Prico 5 cents.

11. On theQuaternary and Rocent Mollusca of the Great Basin; with Descnptwns of New Forms, by
R. Elsworth Call. Introduced by a sketch of the Quaternary Lakes of the Great Basin, by G. K.
Gilbert. 1834. 8°. G6pp. 6 pl. Price 5 cents.

12. A Crystallographic Study of the Thinolite of Lake Lahontan, by Edward 8. Dana. 1884. #°.
24pp. 3pl. Price 5 cents,

13. Boundaries ot the United Statcs and of the several States and Territories, with a Ristorical
Sketch of the Territorial Changes, by Henry Gannett. 1885. 8°. 135.pp. Price 10 cents,

14. The Electrical and Magnetic Properties of the Iron-Carburets, by Carl Barus and -Vincent
Strouhal. 1885. 8°. 238 pp. Prico 15 cents.

15. On the Mesozoic and Cenozoic Paleontology of California, by Charles A. White. 1885, 8°,
33 pp. Price 5 cents.



ADVERTISEMENT. I

16. On the Higher Devonian Faunas of Ountario Couanty, New York, by John M. Clarke. 1885. 8°
86pp. 3 pl. Price 5 centa.

17. On the Developinent of Crystallization in the 1gneous Rocks of Washoe, Nevada, w1th Notes on
the Geology of the District, by Arnold Hague and Joseph P. Iddings, 1885. 8°. 44 pp. Price 5 cents.

18. On Matine Kocene, Fresh-water Miocens, and other Fossil Mollusca of Western North America .

by Charles A. White. 1885. 8°. 26 pp. 3 pl. Price 5 cents.

19. Notes on the Strutigraphy of California, by GGeorye T. Becker. 1885. 80, 28 pp. Price 5 cents.

20. Contributions to the Mineralogy ot the Rocky Mountains, by Whitman Cross and W. F, Hille-
brand. 1885. 8°. 114 pp. 1 pl. Price 10 cents.

21. The Lignites of the Great Sionx Reservation. A Report on the Region betwesn the Grand and Mo-
rean RiVelE Dakota, by Bailey Willis. 1885. 8°. 16 pp. 5pl. Price 5 ceuts,

. On New Cretaceous Fossils from California, by Charles A. White. 1885, 8°, 2jpp- 5pl. Price
5 cents '

23. Observations on the Janction between the Eastern Sandstone and the Keweenaw Series on
Keweenaw oint, Lake Superior, by R. D. Irving and T. C. Chamberlin. 1885. 8°. 124 pp. 17 pl
Price 15 cents.

24, List of Marine \'[ollusm. comprising the Quatornary fossils and recent forms from American
Localities botween Cape Hatteras und Cape Roque, including the Bermudas, by William Healey Dall.
1885, 8°. 336 pp. Price 25 cents,

25. 'The Present Technical Condition of the Steel Industry of the United States, by Phineas Barnes.
1885. 8°. 85 pp. Price 10 cents.

26. Copper Smelting, by Henry M. Howe. 1885. 8°. 107 pp. "Price 10 cents.

27. Report of work done in tho Division of Chemistry and Physics, mainly during the fiscal year
188485, 1886. 8°. 80 pp. Price 10 cents.

28. The Gabbros and Associated Hurnblende Rocks oceurring in the Neighborhood of Baltimore, Md.,
by George Huntington Williams. 1888. 8°. 78pp. 4 pl. Price 10 cents.

29. On the Fresh-water Invertebrates of the North Awmerican Jurassic, by Charles A. White. 1886.
8°. 41 pp. 4 pl. Price 5 cents.

30. Second Contribation to the Studies on the Cambrian Fannas of North Ameriea, by Chﬂ-l Jes Doo-
little Walcott, 1886. 8°. 369 pp. 33 pl. Price 25 cents.

31. Systematic Review of our Present Knowledge of Fossil Insects, including Myriapods and Arach-
nids, by Samuel Hubbaril Scudder. 1886. 8°. 128 pp. Price 15 cents.

32. Lists and Analyses of the Mineral Springs of the United States; a Preliminary Study, by Albert
C. Peale. 1886. 80. 235 pp. Price 20 cents.

33, Notes on the Geology of Northern California, by J. S. Diller. 1886. 8°. 23 pp. Price 5 ceuts.

34, On the relation of the Laramic Molluscan Fauna to that of the succeeding Fresh-water Eogene
and other groups, by Charles A. White. 1888, 8°. 54 pp. 5pl. Price 10 cents.

35. Physical Properties of the Iron-Carburets, by Carl Barus and Vincens Strouhal. 1886, 8o. 62
pp. Price 10 cents.

36. Subsidence of Fine Solid Particles in Liquids, by Carl Barns. 1886. &°. 58 pp. DPrice 10 cents.

37. Types ot the Laramie Flora, by Lester F. Ward. 18387. 80. 354 pp. 57 pl Price 25 cents.

38. Peridotito of Elliott Connty Kentocky, by J.S. Diller, 1887. 8°. 31 pp. 1pl. Price5 cents.

39. The Upper Beaches and Deltas of the Glacial Lake Agassiz, by Warren Upham. 1887, 80. 84
pp. 1pl. Price 10 cents.

40. Changes in Rjver Courses in Washington Territory due to Glaciation, by Bailey Willis. 1887. 8°
10 pp. 4 pl. .Price 5 cents.

41, On the Fossil Faunas of the Upper Devonian—the Genesee Section, New York, by Henry S,
Williams. 1887. 8°. 121 pp. 4pl. Price 15 ceunts.

42. Report of work done in the Division of Chemistry and Physics, mainly during the fiscal year
1885-'86. T. W. Clarke, chief chemist. 1887. 8°. 152 pp. 1lpl Price 15 cents.

43, Tertiary and (,retaceous Strata of the Tuscaloosa, Tombighee, and Alabania Rivers, by Eugene
A. Smith and Lawrence C. Johnson. 1887. 8. 189 pp. 21plL Price L5 cents.

44. Bibliography of North American (Geology for 1886, by Nelson H. Darton. 1887, 8°. 35 pp.
Price 5 cents.

45. The Present Condition of Knowledge of the Geology of Texas, by Robert T. Hill. 1887. g8o. 94
pp. Price 10 cents.

46, Nature amil Origin of Deposits of Phosphate of Lime, by R. A. . Penrose, jr., with an Introdue-
tion by N. 8. Shaler. 1888. 8°. 143 pp. [Irice 15 cents.

47. Analyses of Waters of the Yellowstone National Park, with an Account of the Methods of Anal-
ysis employed, by Frank Austin Goeoch and James Edward Whitfield. 1888, 8°. 84 pp. Price 10
cents.

48. On the Form and Position of the Sea Lavel, by Robert Simpson Woodward. [888. 8°. 83 pp.
Price 10 cents.

Numbérs [ to 6 of the Bulletins form Volume I; Numbers 7 to 14, Volume II; Numbers 15 to 23, Vol
ame I1T; Nawmbers 24 to 30, Volume 1V ; Nambers 31 (o 36, Volume V; Numbers 37 to 41, Volome VI;
Numbers 42 t0 46, Volnme VII. Volume VIII is not yet comple te.
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In press:

49. On the Lantitudes and Longitudes of Certain Points in Missouri, Kansas, and New Mexico, hy R.
S. Woodward.

50. Formulas and Tables to facilitate the construction and use of Maps, by R. 8. Woodward.

51. Tnvertebrate Fossils from California, Oregon, Washington Territory, and Alaskn, by C. A.
‘White.

52. On the Subaérial Decay of Rocks and the Origin of the Red Color of Certain Formations, by
Israel C. Russell. ’ :

58. Geology of the Island of Nantucket, by N.S. Shaler.

In preparation:

— Notes on the Geology of Southwestern Kansas, by Robert Hay.

— On the Glacial Boundary, by G. F. Wright.

— The Gabbros and Associated Rocks in Delaware, by I'. D. Chester.

— Fossil Woods and Lignites of the Potomae Formation, by, F. H. Knowlton.

— Mineralogy of the Paeific Coast, by W. H. Melvillc and Waldemar Lindgren.

— Raeport of work done in the Division of Chemistry and Physics, mainly during the fiscal year
"1886-"R7.

— A Report on the Thermo-Electrical Measurement and High Temperatures, by Carl Barus.

— The Greenstone Schist Areas of the Menrominee and Marquette Regions of Michigan, hy George
H. Williams; with an Introdaction by R. D. Irving.

— Bibliography of the Paleozoic Crustacea, by A, W. Vogdes.

— The Viscogity of Solids, by Carl Barus, -

-~ Author-Catalogue of tContributions to North American Gevlogy, by N. H. Darton.

— On a Group of Volcanic Rocks from the Fewan Mountains, New Mexico, and on the eceurrence
of Primary Quartz in certain Basalts, by J. P. Iddings.

— On the relations of the Traps of the Jura-Trias of New Jersey, by N. H. Darton.

— Altitudes between Lake Superior and the Rocky Mountains, by Warren Upham.

— Maesozoic Fossils in the Permian of Texas, by C. A. White.

STATISTICAL PAPERS.

Mineral Resources of the United States [1882], by Albert Williams, jr. 1883, 8°. xvii, 813 pp. Price
50 cents. :

Mineral Resources of the United Stutes, 1883 and 1884, by Albert Willjams, jr. 1885. 89. «xiv, 1016
pp. Price 60 cents. ]

Mineral Resources of the United States, 1885. Division of Mining Statistics and Technology. 1886,
8°. vii, 576 pp. I'rice 40 cents.

Mineral Resources of the United States, 1886, by David I'. Day. 1887. 89, viii, 813 pp. Priee 50
cents,

Mineral Resources of the United States, 1887, by David T. Day. 1888. 8°. vii, 832 pp. Price 50
cents, '

In preparation:
Mineral Resources of the United States, 1888, by David T. Day.

The money received from the sale of these publicatious is deposited in the Treasury, and the Sectre-
tary of that Department declines to rececive bank cheeks, dirafts, or postage stamps; all remittances,
thercfore, must be by FOSTAL NOTE or MONEY ORDER, made payable to the Librarian of the U.S. Geo-
logieal Survey, or in CURRENCY, for the exact amount. Correspondence relating to the pohlications of
the Survey should be addressed

To THE DIRECTOR OF THE
UNITED STATES GEOLOGICAL SURVEY,
‘W AsHINGTON, D. C.

W asHINGTON, D. C., March 1, 1889. :
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LIBRARY CATALOGUE SLIPS.
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SEVENTH ANNUAL REPORT OF THE UNITED STATES
GEOLOGICAL SURVEY.

By J. W. PoweLr, DirECTOR.

REMARKS ON THE PLAN AND ORGANIZATION OF THE SURVEY.

THE GEOGRAPHIC DIVISION.

At the time the Geological Survey was organized the field
geologist found within his reach maps of very few portions of
the country that he could utilize in delineating geologic phe-
nomena; accordingly, as has been fully set forth in previous
reports, recourse was had to existing statutory authority for the
organization of a geographic division. The chief functions
of this division are: First, the prosecution of a topographic
survey of the entire country; second, the preparation of topo-
graphic maps thereof, on. such scales as are required for the
accurate delineation of geologic structure ; and, third, geodetic
co-ordination of the topographic surveys in such manner that
when they are completed and the topographic maps are com-
bined they will constitute an accurate geographic map of the
entire country, showing, with a good degree of exactness, its
extent; its relations to contiguous countries; the boundaries of
states, counties, &c.; the positions on the earth’s surface of
cities, towns, railways, highways, and other public cultural
foatures ; the creeks, rivers, lakes, coast lines, and other hydro-
graphic features; and the mountains, hills, valleys, canons,
plaing, and other hypsographic features.

The prosecution of this topographic survey, unlike the orig-
inal research of the geologist, is to a large extent a work of
applied science; and, after the adoption of suitable methods

3
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and standards, the surveys and the preparation of maps can be
carried forward with few changes in organization save those
demanded by changes in the field of operation. Experience
has shown, however, that there is a constant improvement in
‘methods and an elevation of standards. .

Anterior to the organization of this division of the Geolog-
ical Survey, topographic science and topographic art had re-
ceived high development through other organizations in this
country and in Europe; but to a large extent such work had
been prosecuted with the object of producing charts for mili-
tary purposes on the one hand or for fiscal purposes on the
other: thus the art had been directed to the production of.
military maps and cadastral maps., During the last half cen-
tury the science of geology, because of its great industrial
importance, has been greatly developed; and as all the civ-
ilized nations of the earth have promoted and endowed geo-
logic research and as geologic maps are among the most im-
portant results arising therefrom, the need for topographic maps
as a basis for geologic maps has largely modified the map-
making systems of the world. Yet the earlier purposes for
which they were made largely prevailed, with the result of
still producing maps chiefly valuable for military or cadastral
uses. Now, such maps are on scales too large for general
industrial purposes, and must represent such a variety of facts
as to make them exceedingly complex; still further, the multi-
plied data presented are to a large extent ephemeral, and the
maps which represent them must be frequently revised by re-
survey, redrawing, and re-engraving.

In developing the topographic work of the Geologlcal Sur-
vey, especial attention has been given to the industrial pur-
.poses for which maps are made; for the best topographic map
for geologic purposes is also the best for other scientific and
industrial purposes.

If a good topographic map of the country be constructed,
having in view the representation of three classes of facts:
first, public cultural features; second, hydrographic features ;
third, hypsographic features, such a map is a proper basis for
a geologic map. It is also a proper basis for all other maps
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designed for industrial purposes; it is a proper basis for gen-
eral military maps, and provides the fundamental data for
cadastral maps. And such a map of the United States is now
in process of construction.

Having decided the scale and the class of facts to be rep-

resented upon the map, the survey in the field must be ad-

justed thereto for economic considerations; and this fact has
been kept persistently in view in the organization of this branch
of the service. :

Although the method of representing relief in contours or
grade curves has long been in vogue in this and other coun-
tries, these conventions have usually been supplemented by
hachures or brush shading whenever it became necessary to
represent widely diverse types of topography on the same map.
To a certain extent, therefore, the plan of representing the re-
lief of all parts of the surface of a country upon a uniform
series of maps by means of contours alone was an innovation;
and it is a source of gratification to find that this plan, which
has been fully set forth in preceding reports, is eminently suc-
cessful. ~

The objections to the use of hachures and brush shading are
manifold: they obscure the map and conceal the conveuntions
employed for the representation of other conditions and feat-
ures of the surface; they easily degenerate into generalized
conventions for imperfectly ascertained facts of relief, and thus
fail to convey accurate information; they lead to the develop-

" ment of special artistic styles by the several draughtsmen em-

ployed upon the work, and thus do not have a uniform mean-
ing from sheet to sheet; in districts of complex topography
they are difficult of interpretation; and they represent reliefs
only in a qualitative manner.

Another potent reason for the rejection of hachuring methods
of representing topographic reliefs inheres in their excessive
cost. 'The drawing and engraving of topography with hach-
ures 1 many times more expensive than the drawing and en-
graving of the same in contours. In fact, hachure drawing
and engraving almost equal in expense the field work by which
the facts are collected. In the preparation of a map of a
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region so great as the United States-—three million square
miles in area, exclusive of Alaska-—questions of economy are
of prime importance.

The method of hachuring has gained, and yet maintains, a
strong hold among geographers because of its artistic capabil-
ities; for by means of hachures alone, or in combination with
either brush shading or contours, or both, it is possible to produce
maps that have much artistic beauty and as forcibly express
the artistic conceptions and individuality of their authors as
do paintings and statuary. But therein lies the imperfec-
tion of the system; for in so far as the finished map expresses
the individuality of the author, in just so far does it defeat the
purpose for which it was designed, namely, the accurate rep-
resentation of a portion of the earth’s surface.

The cartographic conventions, i. e., the symbols to be nsed
on the maps for the representation of the cultural, hydro-
graphic, and hypsographic facts, have been reduced to the
greatest possible simplicity, in order that the maps may be
easily understood and be of value to all classes of people. As
the cost of the Survey is borne by all the people of the United
States, it was not deemed just that a map system should be
adopted with a view to subserve the wants of trained engi-
neers only. Still it is believed that while the system selected is
so simple as to be easily used by all, it yet represents with pre-
cision and accuracy all the topographic facts desired by the
engmeer. - .

The maps already completed and engraved by the Survey
include a great variety of topographic types, but all of these
have been reduced to the uniform standard of cartographic
representation adopted at the commencément of the work.
The experience gained in the prosecution of the surveys upon
which these maps are based and the preparation of the maps
themselves demonstrate that the method of representing relief
by contours not only enables the topographer to express the
condition of the earth’s surface quantitatively, but that within
certain definite limits it permits the expression of artistic con-
ceptions, and hence the production of maps which are highly
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but not obtrusively artistic and at the same time strictly accu-
~ rate. '

The recognition and delineation of the features of the earth’s
surface by the topographers of the Survey has become a highly
developed art, depending on experience and mechanic skill, the
training and co-ordination of the eye and the hand, and the de-
velopment of artistic perception of the reliefs diversifying the
land. The value of the reliefs and the character of the topo-
graphic forms determined thereby vary from place to place,
and the features of the surface are variously concealed by
forests; and the methods of surveying in different localities
are modified by the topography, the degree of concealment by
forests, the facilities for travel and subsistence, and various
other conditions. So the character of the special training of
the topographer varies locally. Nevertheless, special work in
any field is beneficial, and in a measure prepares the surveyor
to enter upon other fields of work intelligently and promptly;
and accordingly the retention of skilled topographers is found
to be highly advantageous. Hence the changes in organiza-
tion of this division of the Survey required from time to time,
as the work is completed in certain areas and initiated in other
areas, do not generally involve material changes in the per-
sonnel.

Under the statutes relating to the Geological Survey there is -
no provision for the general publication of purely topographic
maps. These maps can be published only as a basis for “geo-
logical and economic maps illustrating the resources and classi-
fication of the lands,” but a small edition is necessarily printed
for the use of the employés and collaborators of the Survey
in the prosecution of field work.

The demand for topographic maps has grown to great pro-
portions, and it may be found advisable to ask the authority of
Congress for their general distribution.

Although the topographers employed by the Survey are nec-
essarily competent draughtsmen and usually construct their
own maps, it has been found desirable, in order (1) to secure
uniformity in style and character and (2) to obviate the neces-
sity for employing the topographers in the office during months
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in which they might more profitably be employed in the field,
to organize a section of topographic drawing. In like manner,
as set forth in an earlier report, the necessity for the adoption
of uniform standards for the astronomic and geodetic work
required in the co-ordination of the topographic surveys has
led to the organization of an astronomic and computing section.
Finally, it has been found economie, both in time and money,
to establish a section in which are made the repairs of the large
number of instruments constantly required by the division.

THE GEOLOGIC DIVISIONS.

. It became necessary at the ountset of geologic investigation
to develop a system of taxonomy applicable to American rocks
and a system of conventious whereby these rocks might be
properly distinguished upon maps issued by the Survey and
properly designated and defined in the accompanying letter-
press. DBut there are difficulties in the way of developing such
systems of taxonomy and graphic conventions. In the first
place, there has grown up with geologic science a conventional
language involving a taxonomy and a method of graphic rep-
resentation which is based on the phenomena of other countries,
and which is accordingly to some extent inapplicable to Amer-
ican rocks; it is nevertheless desirable to adhere as closely as
" possible to this conventional language because of its wide adop-
tion. In the second place; it is manifest that a great portion of
the rockmasses to be classified and represented on the maps.
have not yet been discovered. It has accordingly been neces-
sary to devote much labor and thought to the development of
a cartographic system which shall meet the following among
other conditions: (1) it must be sufficiently definite to be
readily intelligible to all users of the geologic maps published
by the Survey, whether their interests lie in the scientific rela-
tions of the plenomena represented or in the economic re-
sources of the areas mapped; (2) it must be sufficiently elastic
to yield to the requirements not only of the tentative classifi-
cation of the rocks now in vogue but of such final classification
as may be evolved after the extension of geologic operations.
over the whole country; and (3) it must be sufficiently com-
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prehensive to represent, without duplication of conventions and
symbols, all rockmasses of the entire dominion of the United
States which it may at any time become necessary to discrim-
inate for scientific or economic reasons.

Pending the completion of a cartographic system suitable for
present and future needs, geologic investigation of course has
continued ; and indeed the results of such investigation, as de-
veloped from time to time, have served an important purpose in
determining the limitations and requirements of the carto-
graphic system. Moreover, questions as to the taxonomic posi-
tions of the rockmasses discriminated in the field have arisen
from time to time and will continue to arise in the future. The
cartographic system devised to méet the various considerations
involved must, therefore, be applied from time to time, as re-
search progresses; and the rockmasses discriminated by each
geologist in the field have to be correlated with those discrim-
inated by every other geologist, and the entire sum of obser-
vations has to be combined and built up into a single compre-
hensive and symmetric system. To this end exhaustive study
of the current and antecedent literature of American geology
and occasional field investigations in critical areas are required.

The general work of systemization and co-ordination is the
legitimate function of the administrative head of the Survey,
but the amount of detailed labor involved has proved so great
that it has become necessary to obtain the aid of one of the
assistants of the Survey; and for this purpose a portion of Mr.
W J McGee’s time during the past year has been given to the
collection of the data to be used in this work. )

The Geological Survey inherited much unfinished work of
different surveys in the Western Territories previously, prose-
cuted under the auspices of the Government. Since it seemed
desirable to carry forward and complete these surveys as rap-
idly as possible, investigations were continued in the fields
covered by them, and thus the early organization of the Survey
was determined in part by antecedent geologic work. At the
same time, however, demands for local geologic and miner-
alogic investigations came from various portions of the country,
including the older and long settled States, and as soon as the
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legality of such action was established the geologic operations
of the Survey were extended into the older States, and a num-
ber of divisions were organized and intrusted with the investi-
gations, ’

It should be explained that by its organic law the Geological
Survey is inhibited, both implicitly and directly, from making'a
geologic survey upon a cadastral plan, i. e, from making in-
vestigations relating to the value of properties of individuals.
Accordingly, its workin economic geology is limited to the ob-
servation and mapping of the formations within which mineral
resources lie; the general distribution and characteristics of
coal beds, ore bodies, and other valuable mineral deposits; and
the investigation of questions relating to the origin and taxo-
nomic relations of the formations themselves and of their
contained minerals.

Within the above limitation it has been found possible to
make the scientific investigations of the Survey of high eco-
nomic value, (1) by extending its operations into those portions
of the different States in which the natural resources have not
yet been fully developed, and (2) by developing and applying
such systems of classification of the formations as will at the
same time enable and compel the geologist to discriminate in
the field and clearly distinguish on the maps of the Survey
those rockmasses which are economically important. Both
of these means of rendering these investigations of the Survey
of maximum value to the country have been adopted. More-
over, friendly relations exist between the United States Gteo-
~ logical Survey and the geologic surveys prosecuted under the
auspices of different States of the Union; and in many cases
partial co-operation with these States has been effected in such
manner that the State geologists leave to the Federal Survey
the investigation of such general scientific questions as involve
operations beyond the limits of their own States as well as
within them and avail themselves of the results of this inves-
tigation, and in return permit the general Survey to utilize the
results of their own more strictly economic studies.

Many of the investigations undertaken within the public
domain are purely economic in character, and all give promise
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of results of economic importance —either immediately through
the discovery and development of natural resources, or remotely
through the additional knowledge gained from ‘them as to the
modes of origin and laws of distribution of ore deposits, the
relations between geologic structure and agricultural capabili-
ties, &ec.

For various requirements a number of distinet geologic
divisions have been organized, and the occasion for each is
demonstrated in the work which it has accomplished.

THE ACCESSORY DIVISIONS.

Ever since the birth of geologic science the importance of
the fossils found in the rocks as a guide to geologic classifica-
tion has been recognized; indeed, a large proportion of the
questions which the geologist is called upon to answer cannot
be answered without their aid, and paleontology, therefore, is
now, as it ever has been, an essential part of geologic science.
But geology is differentiated into many departments, and its
progress has been along many lines; a large fund of special
knowledge is required of the student in each; and the litera-
ture in each has become voluminous. Accordingly, it is no
longer possible for the geologist, whose function it is to study
the relations of the rocks themselves, to adequately investigate
the relations of the fossils contained in these rocks. Division
of labor is required: the geologist investigates the rocks and
ascertains their physical characteristics and relations to con-
tiguous rockmasses ; while the paleontologist, studying the fos-
sils collected from the same rocks by the geologist, determines
the relations of these rocks to rockmasses in all parts of the
earth. To meet this imperative demand for paleontologic inves-
tigation a number of divisions have been created ; and although
paleontology is but a subordinate branch of geologic science,
and the results of paleontologic investigation are hence but
means to an end, the publications growing out of the work
in these divisions are among the most valuable contributions
to science already published or to be published in the near
future by the Survey.
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Another class of criteria for determining the relations of
rocks is found in their chemic constitution. Most of the ques-
tions concerned in geologic technology or in the application
of geologic science to the arts involve a knowledge of the
chemic constitution of rocks; and in addition requests for the
chemic examination of various rocks, minerals, ores, soils, waters,
gases, and natural oils, required for the proper prosecution of
important public works, reach the Survey from time to time.
To meet these various demands, a division of chemistry was
early organized by the Survey, as specified in previous reports.
There is connected therewith a physical laboratory, in which
are prosecuted researches relating to the effects of temperature,
pressure, moisture, &c., upon rocks, and the causal conditions
of crystallization, segregation, and secondary alterations of
various kinds such as have during the geologic ages resulted in
the formation of mineral veins, the metamorphism of rocks, &e.

A third class of criteria valuable in ascertaining the inter-
relations of rockmasses and the presence therein of econom-
ically valuable minerals is found in their minute structure,
discoverable only with the aid of the microscope; and in this
and other countries microscopic petrography has rapidly grown
to be one of the most important and promising lines of geo-
logic research. The microscopic examination of rocks, how-
ever, involves cutting, grinding, and mounting of slides by
means of delicate and costly machinery, and in some cases
the separation of the rock constituents by means of fluids of
variable specific gravity. This work, as well as the examina-
tion of the material thus prepared, requires skill of a high
order and the permanent employment of the specialists in-
trusted with the work. In pursuance of its general policy of
utilizing the latest discoveries in science and art whereby
geologic investigation may be promoted, a petrographic labo-
ratory has been organized in which all work of this character
is done.

To meet the constant demand for information respecting
the economic and industrial results of geologic investigation
and the development of the mineral resources of the country,
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a division of mining statistics and technology has been estab-
lished, as set forth in a previous report.

Some of the most important questions of the day, from both
a scientific and an economic standpoint, are those involved in
the relations of the soils and vegetation of the earth to the
rocks which they conceal and from which the one is derived
and by which the other is supported. Moreover, the distribu-
tion of the forests of this country is one of great and ever
increasing importance to its people. Now, in the prosecution
of the topographic surveys there is incidentally collected a
_vast amount of information relating to the forests of the dif-
ferent States in the Union which can be rendered available at
small expense; and, in obedience to the statute relating thereto,
there has been establishied a division of forestry, the functions
of which are the collection and diffusion of data relating to
the forests of the country, their extent and value, their prox-
imity to routes of transportation, and our national resources
in timber, lumber, ornamental woods, fuel, tan bark, and the
various other forest products.

A division of illustrations has been established, and was
described in a preceding report from this Office.

The tools of the field geologist are the hammer, trowel,
" compass, clinometer, and. magnifying glass; but the no less
essential tools of the same geologist when employed in eldb-
orating the results of his field studies are books; for no original
investigator regards his work as complete until he has ascer-
tained the results of researches in the same or related fields by
all other investigators. Thus a library is a necessary part of
the equipment of the working geologist. The literature of the
science has become so voluminous that the purchase and
maintenance of an adequate library by the individual geolo-
gist is a burden too great to be borne unless his means are
ample, and students are compelled to avail themselves of ex-
tensive public libraries. It has been found economic of time,
labor, and money to build up a carefully selected library of
such strictly geologic works as are required from time to
time by the officers of the Survey. The library now contains
no less than 17,255 books and 19,600 pamphlets, together with
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9,000 maps. These come from all parts of the world, as indi-
cated by the fact that they are printed in no less than nineteen
languages, and include not only eurrent scientific publications
of private and public institutions, but the most important
serial publications and also nearly all the standard contribu-
tions to telluric science that have ever been published.” It is
maintained chiefly by exchanges.

- Since the material sent out in exchange consists of the pub-
lications of the Survey, a division has been established whose
funetions are the care of the library and the distribution of
publications. 'That the work of this division is very great may
be readily inferred from the faects that the publications have
already reached 41 in number and are issued in various edi-
tions, aggregating 225,900 copies, in large part distributed by
the Survey; that the library now contains no less than 36,855
books and pamphlets, besides 9,000 maps, and that a vast cor-
respondence is involved in the elaborate system of exchange.

SCHEDULE OF ORGANIZATION.

Although the organization of an institution devoted to orig-
inal reseavch can never be considered final, the present dif-
ferentiation of labor in the Geological Survey may be regarded
as definite and comparatively thorough. It is as follows:

Geography.
In charge.
Division of Geography........ ... ... .. .. Henry Gannett.
Northeastern Section of Topography.......... Marcus Baker.

Massachusetts Subsection of Topography.
New Jersey Subsection of Topography....George H. Cook,
State geologist.

Appalachian Sectioun of Topography........... Gilbert Thompson.
District of Columbia Section of Topography.

Central Section of Topography............._. Jno. H. Renshawe.
Western Section of Topography..... feeeaea A. H. Thompson.

Texas Subsection of Topography.

Arizona Subsection of Topography.

Gold Belt Subsection of Topography.

Cascade Subsection of Topography.

Tontana Subsection of Topography.
Section of Topographic Drawing............. Harry King.
Astronomic and Compnting Section .......... R. 5. Woodward.
Section of Instruments ......ccveceeecnaaan.. Edward Kiibel.
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Geology.

In charge.
Division of Archean Geology .................... Raphael Pumpelly.
Atlantic Coast Division of Geology. .............. N. S. Shaler.
Appalachian Division of Geology-................ G. K. Gilbert.
Lake Superior Division of Geology.... .......... R. D. Irving.
Division of Glacial Geology........... .... .-... T. C. Chamberlin.
Montana Division of Geology ... ... ...... e F. V. Hayden.
Yellowstone Park Division of Geology......-...... Arnold Hague.
Colorado Division of Geology ... ... .ccvvenenn.... S. F. Emmons.
California Division of Geology ................... G. F. Becker.
Division of Voleanic Geology ..... .............. C. E. Dutton.
Mississippi Division of Geology --... e eeeeaan L. C. Johuson.
Potomac Division of Geology ..... Cereeeeeseeaaas W J McGee.

Paleontology.
Division of Vertebrate Paleontology..............0. C. Marsh.
Paleozoic Division of Invertebrate Paleontology...C. D. Walcott.
Mesozoic Division of Invertebrate Paleontology...C. A. White.
Cenozoic Division of Invertebrate Paleontology...W. H. Dall.
Division of Paleobotany .........c...cc0 coaial. L. F. Ward.
Division of IFossil Insects...... ... ... ... ... .... S. H. Scudder.
Miscellaneous.

Division of Chemistry and Physics............... F. W. Clarke.
‘Division of Petrography ..... ... ..c.seeeenn-.. The Director.
Division of Mining Statistics and Technology....D, T. Day.
Division of Forestry ..... . ... oo iiiiiiiia... G. W, Shutt.
Division of Illustrations....................i.... W. H. Holmes.
Division of the Library and Documents - ..... ....C. C. Darwin.

TOPOGRAPHIC WORK.

During the year topographic surveys have been carried on in
accordance with plans previously adopted and described in
earlier reports, and satisfactory progress has been made. The
area surveyed was 81,829 square mlles and the average cost
was about $2.75 per square mile,

The distribution of the work is shown graphically in
Plate I;' and the aggregate area surveyed in the several
States and Territories into which the operations of the geo-
graphic division have been extended, the scales upon which
the work has been executed, and the vertical distances sepa-

! See pocket at the end of this volume,
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rating the contours by which relief is shown in the different

areas are given in the following table.

Other details of the

work are fully set forth in the administrative report of Mr.
Grannett, who has charge of this division of the Survey.

Areas surveyed dquring the fiscal year ending June 30, 1886.

Stat. poie D, | Oonlon | pren
Feet. 8q. miles.
Alabama - eeicreear o 1:125000 100 3,933
AFIZONA - e i eiieiaciecacccsacreranancsaaanssanannaanan 1: 250000 200 8, 000
CalifOrnia - cecce o iee i timai et e et cca e banaas 1:250000 200 4, 600
T gy 1:125000 100 . 2,400
District of Columbia . ... .o e 1:62500 20 15
LR T-T1) ¢ PR PP 1:125000 100 2,452
KADSAS .ccveuronraaesaaccccasananesacssansasasaacaascnscsenns 1:125000 50 13, 700
) 412 1 T2 e g 1:125000 100 3, 300
Maryland ... i e eeeaniimneamnaeeaa 1:125000 100 895
) 1 1: 62500 20 139
Massachusetts . conentieianannaiaats aeeeaa - 1:62500 20 2, 500
MiSSOTUTT o ceoe s icce e ce e rcac e emm e ceacamecam———a- 1:125000 50 © 7,700
oW J OI8Oy - euseerasaususancscasanocssonontsasconcmcascaansan. 1: 62500 20 1, 843
Nevada .cueeiieiiniieteeiaaneesesencaaanancnacnsccasoosancas 1:250000 200 2, 000
North Caroling. . ... .o e caccveiacanainnas 13125000 100 650
OLBZON e iiaceieaasieaeaaccantssanmasunsnnmeasnuannnnnnns 1:250000 200 3, 800
South Careling...c..veuieimieireiriiiiiiieteneasnacaaanrnans 1:125000 100 600
T ONDeES80 . ccm s tameecccccecoccaciaamamsasasadasanesnsanscmn- - 1:125000 100 3,445
TOKAB .o cmasaamacs taasnusmaman tamanssanansaomamm e amanmns 1:125000 50 8, 000
Virginia e iivr e ciiic i iie it ettt i saave s cnaenar e 1: 62500 20 154
DO e nenreeeeae e e et enen e ranan nemanseanarenans 1:125000 100 5,103
West Virginia ..o i iieeean e 1:125000 100 3,000
WP OIMANE ¢ e cee oo veem et eemeam e ea e s s emm s aam e nean " 1:125000 100 1,000 .
Yellowstone National Park .....ceuieinioieiiiaiaininiaaannns 1:125000 1,000 2, 600
TLOLAY vt iesvrneenesnenrenraeenes o aaeemesannnnaeraons|canansnsnteens vasaannnnnonnn 81, 829

During the year the general plan for the preparation and
engraving of the topographic sheets constituting the general
atlas contemplated by the Survey, which was fully described
in the last annual report, has been fully tested and put in
execution; and already there have been engraved 57 sheets.
The geographic distribution of these sheets is shown graph-
ically in Plate I; and their distribution by States, the area
covered in each State and Territory, and the scales of the
work are exhibited in the appended table:
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Table showing distribution, 4¢c., of engraved atlas sheets.

State. N‘;ﬁgﬁ;“ Scale. Co;]j;):;‘l.in- Aren.
o Feet. | Sq. miles.

Alabama. coevovneen e 2 1:125000 100 1,955
V- % 51113 11 10 41 in part. 1: 250000 200 48,190
California coveeeiemeiieromaiiocivrncnnnaaan. 1 1:250000 200 38, 580
FKADBA vonccervracronnnncscosrosanencnnneenss 4+ 2 in part. 1:125000 50 4,485
B% BEST-Te o o IR 64 2 in part. 1:125000 50 6, 885
MODEARE. o eeneenaennnnn .. e 3 1:250000 200 9,795
Nevada .ovovrmvien viimiaiiieiriiraeaneaaas 3+ 1 in part. 1: 250000 200 12, 556
New MeXiC0 . -uiciniimeiiacineacs crccnenan 2 1250000 200 7,726
TONNECSBEE - .ot vanenncreneccanassanacsnanas 4 1:125000 100 3, 863
PO XAB . caarsrocrosossmnscancntaonsomemnanmnans 2 1:125000 50 2, 065
R 0§ ) DS 17 1: 250000 250 63, 135
Total coeoceeiierineeciacean T 164, 235

GEOLOGIC WORK. -

THE INVESTIGATION OF THE ARCHEAN ROCKS,

The rocks of the earth are divisible into three great classes:
(1) the crystalline or azoic masses (often denominated Ar-
chean), which form the base of the geologic column and are des-
titute of fossils and are generally without traces of organic
life; (2) the clastic or fragmentary strata, which constitute the
greater part of the geologic coluran and represent nearly the
whole of that portion of the history of the earth with which
geologists have become familiar, and which generally contain
the remains of animal and vegetal organisms by which they
may be classified; and (3) the volcanic rocks, which have been
erupted at various stages of the world’s history and are inter-
calated in various parts of the geologic column.

The great mineral wealth contained in the first of these
systems of rocks renders their study one of the most important
in the whole field of economic geology. Moreover, they rep-
resent one of the most interesting and at the same time ob-
scure stages in the geologic development of the globe; but, by
reason of their general concealment beneath newer rocks, as
well as by reason of the absence of fossils and the dearth of
other criteria for their genetic and chronologic classification,

the relations of these rocks to one another, to the clastic and
7 GEOL——2
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volcanic series, and to their contained minerals, are little un-
"derstood. There are even grave doubts whether the best meth-
ods of investigating these rockmasses and the best criteria for
their classification have yet been developed. The Archean
rocks, therefore, offer one of the most promising subjects for
geologic study in this and other countries; and it was impera-
tive, in view of both its scientific and its economic aspects,
that such investigations should be commenced in this field
as will result not only in the discovery and classification of
phenomena, but in the general advancement of our knowl-
edge of the principles involved in this branch of geologic sci-
ence.

The investigations in Archean geology of the eastern por-
tion of the United States were intrusted to Prof. Raphael Pum-
pelly. The character of his studies, his preliminary results,
and the 'state of his work are indicated in his administrative
report submitted herewith; and one of the first fruits of his
survey, growing out of one of its collateral branches, is a
memoir by Prof. W. M. Davis, one of his assistants, on the T'ri-
assic sandstones and traps of the Connecticut Valley, which
constitutes one of the papers accompanying this report.

THE SURVEYS OF THE ATLANTIC COAST.

It is estimated that there are 100,000 square miles of coastal
lands in this country which, subject to inundation by tidal and
fluviatile waters, are valueless in their present condition. It
would appear, from the experience of other countries, that by
the employment of proper methods these lands might be re-
claimed and rendered among the most valuable of the agricult-
ural lands of the United States. But the relative altitude of
land and sea is not constant: in some places the ocean is en-
croaching upon the land, and elsewhere the land is emerging
from beneath the oceanic waters; and even where the level of
the coastal lands is stationary, the shores are undermined and
eaten away by the waves, and thus the sea gains upon the
land in another way. Now it would be unwise to inaugurate
expensive systems of reclamation of inundated lands without
first ascertaining whether these lands are undergoing move-
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ment, and if so in what direction; and, in order to guide en-
gineering operations directed to such reclamation, a general in-
vestigation of the changes in level now in progress along the
Atlantic coast has been undertaken. '

Connected with these questions of oscillation of the land
and the formation of coastal marshes is that relating to the
origin and distribution of the bog ores, phosphatic beds, &ec.,
now in process of formation in the marshes of the Atlantic coast,
and, imbedded in the Cenozoic formations thereof, constitut-
ing one of the most important of the mineral resources of the
. Atlantic States.

These subjects of investigation and others of related char-
acter have been placed in the hands of Prof. N. S. Shaler. His
preliminary results will be found elsewhere in this volume.

THE SURVEYS OF THE APPALACHIAN REGION.

By reason of its vast extent, its symmetry of structure, and
the economic importance of the minerals contained in its rocks,
the Appalachian mountain system has long been regarded as
one of the most promising fields for geologic study to be found
in any country. The publication of an elaborate treatise
growing out of the investigations prosecuted under State au-
spices in Pennsylvania by H. D. Rogers, nearly thirty years
ago, directed the attention of capitalists and scientific men to
the portion of this field lying within that State, and the great
development of the mineral resources of the Keystone State
in the various forms of anthracite and bituminous coal, iron;
petroleum, and natural gas must be attributed in large part to
the stimulus afforded by these early scientific researches and
the extensive publication of the results thereof; for the nearly
commensurate mineral resources of Virginia, which were also
investigated under State auspices about the same time by the
equally eminent W. B. Rogers, the final results of whose re-.
searches were unfortunately never published, have remained to
a great extent unknown.

The surveys instituted by the Geological Survey in the
Appalachian region traverse the fields already occupied by the
brothers Rogers and other geologists who have studied the re-
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gion, and in addition to their purely economic results these
surveys promise to throw much light on various obscure ques-
tions in geology: e. g., the origin of the sediments of which
a large portion of the rocks of the American continent are
composed ; the geographic configuration of the eastern por-
tion of the American continent during different stages in its
geologic development; the distribution of faunas and their mod-
ification by local conditions, and hence their value as bases
for geologic classification ; the petrographic diversity of forma-
tions laid down within the same geographic province; the or-
igin and mechanism of mountain making movements and of
continental oscillations; the metamorphism and other altera-
tions of rocks produced by various causes; the genesis of
coal and other carbonaceous minerals; and many other ques-
tions equally important in philosophic geology.

The economic results of these researches give equal promise.
As will appear from the accompanying report of Mr. G. K.
Gilbert, who has charge of the.surveys in this region, two
publications on subjects of economic importance have already
grown out of the work and will shortly appear.

THE SURVEYS OF THE LAKE SUPERIOR REGION.

The copper-bearing rocks of the Lake Superior region
(known among geologists as the Keweenaw Series) have been
investigated in some detail by the State surveys of Michigan
and Wisconsin; and the northward continuation of the same
-rocks has been examined by the officers of the Canadian Sur-

vey. But so long as geologists confined their attention to this
single formation as an isolated congeries of phenomena, they
were unable to ascertain its genetic and structural relations to
the other formations of the country, and great confusion and
uncertainty prevailed with respect to the copper-bearing series
~of rocks up to a very recent date.

When the operations of the Geological Survey were ex-
tended into the older States, Prof. R. D. Irving was employed
to investigate these and associated rocks, not only within the
limited area in which alone copper mines have been opened,
but also in adjacent parts of Michigan, Wisconsin, and Minne-
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sota; and, as previous reports have shown, his studies have
already extended over a considerable area and have been pro-
ductive of valuable results. During the past year his surveys
have extended into the sparsely settled or altogether unsettled
regions in Northern and Northeastern Minnesota, in which the -
only routes of travel are rivers and lakes and the sole means of

progression light canoes; and extensive foot trips in neighboring

regions were made by his assistants. Surveys in-the Peno-

kee-Gogebic region of Northern Wisconsin and Michigan were

made for the purpose of supplementing and corroborating an-

tecedent observations; the interesting succession of crystalline

rocks about the western extremity of Lake Superior was ex-

amined in detail; and the notes of the last and previous field

seasons have been assembled and digested, as set forth in the
administrative report submitted herewith.

Professor Irving’s studies in the Lake Superior region have
led him to question the applicability of current systems of geo-
logic taxonomy to that region without material modification.
His views on this subject are clearly and forcibly expressed
in a treatise constituting one of the accompanying papers of
this report. These opinions, coming from such a source and
representing as they do the outcome of years of study, carry
with them great weight and are entitled to serious considera- -
tion. |

THE INVESTIGATIONS IN GLACIAL GEOLOGY.

One of the ultimate purposes of the Geological Survey is
the classification of the soils of the country with respect to
their agricultural capabilities. As a necessary preliminary
thereto, extended investigations of the superficial deposits con-
stituting the subsoils have been undertaken; for the soil is
simply derived from the subsoil through the action of the sun,
rain, frost, the products of vegetal decay, and other agen-
cies, and any classification of the soils involves the classifica-
tion of the subsoils.* Experience in the various lines of geo-
logie research has shown that the genetic classification of geo-
logic products, involving as it does a thorough knowledge of
the character thereof, is the only satisfactory one.
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This work, which was commenced shortly after the inaugu-
ration of the Survey, was intrusted to Prof. T. C. Chamber-
lin. Hitherto, Professor Chamberlin has been compelled by.
practical considerations to confine his investigations to the
glacial drift and its immediate derivatives; and since the im-
mediate object of his studies was rather the discovery of the
principles upon which seil classification may be based than the
development of the classification itself, the results thus far
attained have been scientific rather than economic. Some of
these results have been published in earlier reports of the Geo-
logical Survey, and a treatise on one of the various phases of
his multiform subject accompanies this report.

Professor Chamberlin’s journeys and those of his assistants
have already extended cver a considerable portion of that
northern third of the United States upon which the ice sheet
deposited its burden of sand, clay, and bowlders. During the
past year more or less extended observations have been made
in Connecticut, Dakota, Idaho, Illinois, Maine, Massachusetts,
Minnesota, Montana, Nebraska, New York, Ohio, Pennsyl-
vania, Rhode Island, West Virginia, and Wisconsin. Within
this vast area they have not been confined to a single order of
phenomena, but have included careful studies of the drift itself;
‘of the lateral and terminal moraines into which it sometimes
rises ; of the aqueous and glacio-aqueous deposits into which it
merges; of the kames and drumlins locally developed within
it in different regions; of the vegetal accumulations interca-
lated within its mass; of the rock surfaces upon which it rests, .
and the scoring, polishing, and striation of this surface, &c.:
in short an attempt has been made to collate and thoroughly
digest the entire range of widely diversified phenomena of the
glacial drift and its derivatives.

Professor Chamberlin’s work upon the glacial drift is the
most comprehensive investigation of the class of phenomena
involved ever undertaken in any country. It may now be
regarded as approaching completion, and final reports upon
different lines of the investigation will appear from time to
~ time as the materials already collected are digested and elab-
orated.
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THE SURVEYS IN MONTANA.

" The mountain systems of the western part of the country
are distinguished from those of the eastern portion by their
greater irregularity and asymmetry, by their more recent
origin, and in many other ways. Now, the structure of a
mountain system is determined by its constituent rocks, and
the first step in a comparative study of mountains is the deter-
mination of the age and structure of the rocks composing each
" of the systems compared. At the same time, the structure
of the mountain system varies in a certain definite way from
that of contiguous plains: the formations occupying vast areas
in the plains are also represented in the mountains, where,
by reason of their high inclination, they occupy small areas;
the'formations which in the plains are destitute of valuable
minerals when traced into the mountains sometimes become
metalliferous, &c. Moreover, the great vertical scale of rock
exposure in mountains facilitates geologic investigation there;
and so the succession of formations as developed in & single
cafion of a mountain range frequently affords a key to the
stratigraphy of a vast area of simple structure and plain topog-
raphy.

With the foregoing considerations in view, investigations
were undertaken, shortly after the establishment of the Geo-
logical Survey, in a specially interesting portion of the Rocky
Mountain region lying within Montana. The work was in-
trusted to Dr. F. V. Hayden. The detailed operations of this
division of the Survey are set forth in an accompanying ad-
ministrative report; but it is worthy of note here that this
investigation, undertaken primarily for scientific purposes, has
resulted in the discovery and fracing out through consider-
able areas of important beds of coal, and has also enabled the
officers of the division to convey valuable information to cit-
izens ‘interested in different mining operations within the Ter-
ritory. : ‘

THE RESEARCHES IN THE YELLOWSTONE NATIONAL PARK.

Inquiries emanating from Congress and from different De-
partments of the Government from time to time have demon-
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strated the desirability of ascertaining and making known to
the public the character and attractions of this great National
Park, in order that the purposes for which it was set aside
may be fulfilled. Something is indeed known throughout the
civilized world of its superb scenic features; the wonderful
geysers and the unique mineral deposits resulting therefrom,
the magnificent forests and the unique flora of this national pre-
serve; but it is important that exact knowledge concerning
this reservation for the use of the public set aside by a great
nation should be disseminated among its people. Moreover,
there are now in active operation within the National Park geo-
logic agencies related in kind and degree to those which have:
been effective in the deposition of various minerals during:
different geologic pertods. Nowhere else in the known world
are the operations of nature’s laboratory more thoroughly re-
vealed ; and observations upon certain geologic processes here
promise to add much to existing knowledge of ore deposition
and kindred subjects. ’

This double object in thoroughly investigating the National
Park led to the establishment of a division for this purpose some
years ago. The division was placed in-charge of Mr. Arnold
Hague, and a portion of the results of his investigation have:
already appeared in different publications of the Survey.

During the past year Mr. Hague’s researches have been pros-
ecuted energetically, as indicated by his administrative report.
and by the appended memoir on Obsidian Cliff, by Mr. J. P.
Iddings, one of his assistants.

As appears from Mr. Hague’s report, a portion of the field
season of 1885 was spent in conveying information to a Con-
gressional committee which visited the park for the purpose of
investigating its present condition and considering what legis-
lation is needed for its future maintenance, and in assisting a.
special agent appointed by the honorable the Secretary of the
Interior to examine and report upon the present management.
of the park.

THE SURVEYS IN COLORADO.

One of the uncompleted investigations inherited by the Geo-
logical Survey was that of the extensive mining regions in
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Colorado, and work in that wide field has been continued ever
since.

As set forth in the administrative report of Mr. S. F. Em-
mons, the geologist in charge of the work of that division,
different lines of study have been pursued during the past
year. The region covered by the investigation is of exceed-
ingly complex structure, and a great-variety of rock forma-
tions as well as mineral deposits exist. The formations repre-
sent all portions of the geologic column, from the erystalline
rockmasses of the Archean at the base, through the extensive
series of the Paleozoics and the enormously developed Meso-
zoics, to the vast series of lacustral deposits laid down in the
Rocky Mountain region during different epochs of the Ceno-
zoic. Extensive fields and masses of eruptive rocks also oc-
cur, associated with the sedimentary and non-voleanic forma-
tions in various ways. The precious metals of the region are
accumulated in and distributed through many different forma-
tions, while valuable beds of coal are found in both the Mes-
ozoic and the Paleozoic strata. A thorough knowledge of the
geologic structure of the entire region is accordingly essen-
tial to a satisfactory exposition of the mineral resources of the
State. Moreover, here, as in the Rocky Mountain region of
Montana, there are represented different types of orographic
structure, the study of which is demanded on broad scientific
grounds, and the stratigraphy displayed in the mountains affords
a key to the structure of the great area of plain topography
and rare rock-exposure lying to the eastward. The investi-
gations within the region have accordingly been made along
different lines, as Mr. Emmons’s report indicates, but the vari-
ous lines converge and the different objects of the investiga-
tion are attained from time totime. Publications comprehend-
ing a portion of these results will appear at an early day.

THE SURVEYS IN CALIFORNIA.

Tke completion of an important series of investigations dur-
" ing the present year by Mr. George F. Becker is a source of
gratification. :

In 1883 Mr. Becker undertook the investigation of the quick-
silver belt of Eastern California and Western Nevada. To a
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certain extent the field was a new one; for although geolo-
gists had given some attention to quicksilver deposits in Spain
and other countries, the mode of occurrence and the petro-
graphic relations of the mineral in California are in part unique.
The investigation therefore extended not only to the quick-
silver and immediately associated rocks, but also to the various
associated formations and eventually included many questions -
relating to the influence of pressure, temperature, &c., upon
rock metamorphism and mineral deposition; and among the
results of the investigation must be numbered many important
additions to previous knowledge of the principles of dynamic
geology. These investigations, too, indicate very clearly the
intimate interrelations between geology and the sister sciences,
and demonstrate the importance of that broad and compre-
hensive study which it has ever been the aim of the Geological
Survey to foster; for among the results of Mr. Becker’s re-
searches must be enumerated the discovery of new and impor-
tant laws in both physics and chemistry. As will appear from
his report, however, the general and purely scientific problems
investigated have. been subordinated to the primary purpose
of the Survey, i. e., the discovery and the succinct exposition
of the mode of occurrence and general distribution of the quick-
silver deposits of the Pacific slope.

Mr. Becker’s energies are now concentrated upon a new
field, the California gold belt. Preliminary studies of this
belt were made some years ago by the then existing State
Geological Survey of California, but these studies were never
completed ; and it is believed that further investigation will
not only throw much light upon problems involved in the ex-
ploitation of the region and the development of its resources,
but that they will at the same time direct attention to portions
of the area which may be prospected with hope of success and
prevent useless expenditure of time and money in hopeless
prospecting in other portions.

THE RESEARCHES IN VOLCANIC GEOLOGY,

A single division of the Survey has been established for the
purpose of investigating one of the three great classes of rocks
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described in an earlier paragraph, the eruptives or voleanic
rocks. It has been placed in charge of C. E. Dutton, captain
of ordnance, U. 8. A., who has been detailed to this Office by
the honorable the Secretary of War under authority of a
specific statute. - '

Voleanie rocks occur in all of the Western Territories, and,
in less volume, in most of the older States. The lavas of which
they are formed have been extravasated during various geo-
logic periods; they have affected the different sedimentary
formations with which they have been brought in contact in
a great variety of ways; in certain portions of the country
they are of vast thickness and areal extent; some of the pre-
cious metals and gems occur within them; they are important
elements in the orographic structure of many meuntain sys-
tems; the extravasation of their materials is intimately. con-
nected with orogenic movements, and they are consequently
involved in the taxonomy of mountains; and by their constitu-
tion they afford some insight into the condition of the interior
of the earth. It is therefore important upon many grounds,
both scientific and economic, that researches upon this class of
rocks should be as thorough and profound as the knowledge
and capabilities of man will permit.

As indicated in his report, Captain Dutton’s journeys dur-
ing the past fiscal year have extended over considerable areas
in California and Oregon, and have led him to such notable
but little known points as Mount Shasta, Lassen’s Peak, and
Crater Lake, and over considerable portions of the Cascade
and Sierra Nevada ranges. Much of the territory traversed
is little settled or even totally unexplored, and portions of it
are desert; and his observations and those of his assistants,
therefore, contribute to our knowledge of the geography as
well as to our knowledge of the geology of an interesting por-
tion of the country.

THE INVESTIGATIONS IN THE LOWER MISSISSIPPI REGION.

One of the most recently established of the divisions of the
Survey is that which has for its object the investigation of the
iron ores, the sulphur and salt deposits, and the various other
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mineral resources of the States of Mississippi, Louisiana, and
Texas. It is in charge of Mr. Lawrence C. Johnson.

Mr. Johnson's efforts have been directed to the ascertain-
ment of the geologic relations of the various beds yielding
valuable minerals and the detailed structure of the entire re-
gion; for in a region of such simple general structure as that
of the Gulf States, it is possible to predicate the positions and
depths beneath the surface of formations containing mineral
deposits with a ‘good degree of accuracy, provided the rela-
tions between the mineral deposit and its country rock have
~ been determined. It is a source of gratification to find that
while Mr. Johnson’s investigations have not yet reached such
a stage of completeness as to warrant publication, he has
been able to impart valuable general information to individu-
als interested in the material resources of the territory over
which his operations have extended.

" THE INVESTIGATIONS ON THE POTOMAC RIVER.

When the Geological Survey was organized very little was
known of the geologic structure.of the District of Columbia
and contiguous portions of Maryland and Virginia; but as
soon as possible after its organization geologic investigations
were undertaken within this region, as has been mentioned in
preceding reports. The work isin charge of Mr. W J McGee.
During the past year his studies have covered a considerable
area along the principal transportation routes between the
north and south in Eastern Virginia and Maryland, and have
also extended up the Potomac River well into the Appalachian
region. Among the results reached in this division of the
Survey may be mentioned the determination of the stratig-
raphy and general structure beneath the National Capital,
and their bearing upon the question of water supply. Some
information relating to this subject was communicated to the
Health Officer of the District of Columbia during the year.

Just after the close of the fiscal year 1885—'86, and pending
the completion of this report, Mr. McGee undertook an inves-
. tigation of the geology of the region about the head of Ches-
apeake Bay for the purpose of ascertaining the probabilities
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of finding artesian water there. The area about the head of
" Chesapeake Bay is representative in geographic position and
geologic structure of a zone upon which are located the cities
~of Trenton, Philadelphia, Wilmington, Baltimore, Washington,
Alexandria, Fredericksburg, Richmond, Petersburg, Weldon,
and others, in all of which the question of artesian water supply
is important; and it was accordingly deemed wise to make the
investigation as thorough as possible in order that its results
might apply with only local modification to the various parts
of this zone. Moreover, it seemed desirable that the investi-
gation should be made public at the earliest possible day. Ac-
cordingly the requisite observations and studies were made as
rapidly as possible and the report thereon is ready for publi-
cation as one of the general papers accompanying this report.

PALEONTOLOGIC WORK,
THE RESEARCHES IN VERTEBRATE PALEONTOLOGY.

It has been pointed out on a preceding page that paleontol-
. ogy furnishes the most important basis for general geologic .
classification and that paleontology is thus an essential part of
geologic science. But one of the most important results of
paleontologic research has been the development of the fact
that the different classes of organic remains yield diverse units
of geologic time. Thus, plants are little susceptible to the
climatic and geographic changes that have occurred from time
to time in the geologic history of the earth; modifications in .
. vegetal organisms have consequently proceeded slowly; and
hence the plant remains found in the rocks by their changes
record great periods of time. The lower and less differen-
tiated animal forms, the mollusca, radiata, &c., that inhabit
the ocean, yield more freely to conditions of environment,
and are much less stable than the plants; they have accord-
ingly undergone greater and more rapid modification; and the
chronologic units marked by these modifications are shorter.
But the most sensitive geologic ‘chronometer and that mark-
ing the shortest time units is afforded by the vertebrata, and
especially by the more highly developed land animals. Now
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in order to reduce the records of these different measures of
geologic time and indices of taxonomic relations to a com-
mon standard, thorough investigation of the three great
classes of fossils is demanded. Moreover, it frequently hap-
pens that formations containing plant remains are destitute of
both vertebrate and invertebrate fossils; that beds yielding
invertebrate fossils are without the remains of vertebrates or
plants; and that great deposits characterized by vertebrate
remains are destitute of the slightest traces of other, remains
‘of life; and hence the determination of age and taxonomic
relation depends now upon one, and again upon another, class
of fossils. Thus different lines of paleontologic investigation
have grown up in the Survey.

Among the rockmasses of the Western Territories, important
by reason of their vast area and their immense thickness, there
are many that were deposited in extensive lakes during late
Mesozoic and Cenozoic time. These lakes were fed by great
rivers; and within the sediment swept into these lakes there
were preserved the bones of vertebrate animals that lived within
-the lacustral waters and upon the adjacent shores; and by
means of comparative study of these bones the paleontologist
is enabled to correlate the deposits laid down in different por-
tions of the same lacustral area with each other and with
the deposits of contemporaneous lakes, and at the same time
to reproduce some of the most interesting scenes in the world’s
history. Prof. O. C. Marsh has had charge of the investigation
of these remains for some years, and has already made sev-
eral contributions to our knowledge of extinct animal forms,
and brought to light data of importance in the development
of geologic taxonomy. During the past year his investiga-
tions have extended into different portions of Nebraska, Kan-
sas, Wyoming, and Colorado; and much work has been done
in investigating and classifying his extensive collections, to-
gether with those made by other divisions of the Survey, in
the paleontologic laboratory in New Haven.

THE RESEARCHES IN PALEOZOIC INVERTEBRATE PALEONTOLOGY.

The organic remains useful in correlating and classifying
the lower third of the fossiliferous series of rocks are pre-
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dominantly those of invertebrates, and accordingly this great
class of fossils has been diligently studied, both in their biotic
relations and in their relation to the strata within which they
occur. This investigation is in charge of Mr. C. D. Walcott,
whose paleontologic laboratory is in the National Museum.

As will appear from Mr. Walcott’s report, the investigations.
of the division during the past fiscal year, which were some-
times made in conjunction with the geologic parties of different
divisions, have extended into Alabama, Georgia, Nevada,
Tennessee, Utah, and various parts of New York; and in ad-
dition there have been examined collections made by several
geologists in other parts of the country. These studies have
traversed the entire range of the Paleozoic groups, from the
summit of the Carboniferous to the base of the Cambrian.
Moreover, they have not been confined to the fossils them-
selves, but have in nearly all cases extended to the positions.
of the fossils in the strata and the development of the stratig-
raphy of the regions in which they were found.

One of the most important of the conclusions reached by
Mr. Walcott and his assistant, Prof. H. S. Williams, relates to.
the local modifications of animal life by environment and the
shifting of faunas.from place to place with changing conditions
in depth of water and configuration of shores, and consequent
changes in sedimentation, in the Paleozoic ocean. These in-
vestigations are valuable in determining the limitations within
which fossils are trustworthy criteria in the classification of
rocks.

THE INVESTIGATION OF MESOZOIC INVERTEBRATE FOSSILS.

At its inception paleontology was little more than a set of
empiric rules for the classification of formations by means of
their. contained fossils, viewed as accidental or petrographic
characters; but in the present stage of geologic science the
value of paleontology to the stratigraphist, as well as to the
student of historic geology, depends largely on the power
which it gives of restoring and mentally picturing the geo-
graphie, topographie, climatic, and other conditions prevailing
in the various parts of the globe during each geologic epoch.
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Studied in this broad way, fossils serve not only as data for
the empiric correlation of the strata, but they enable the geol-
ogist properly to weigh and, in many cases, properly to inter-
pret their own testimony, and thus mutually adjust the differ-
ent time units of the three great classes of organic remains.
It is with this view of the purposes of paleontologic investiga-
tion that researches by Dr. C. A. White have been made on the
invertebrate fossils of the Mesozoic system of rocks in the
United States.

During the past year Dr. White has performed field work
in Utah, Wyoming, and Colorado, and has investigated collec-
tions from various parts of the country. One of the most im-
portant results of his field studies was the recognition of several
distinet coal horizons within different early Tertiary and later
Mesozoic formations. Another important result was the dis-
covery of a large number of fresh water invertebrate remains
associated with vertebrate fossils, which has added much to
our previous knowledge of the continental invertebrate fauna of
North America during Mesozoic time, and thus has been gained
another vantage point from which insight may be obtained
into the stratigraphic succession in the Rocky Mountain region
and into the geologic history of the continent.

THE STUDY OF CENOZOIC INVERTEBRATE FOSSILS.

Fringing the Atlantic and Gulf coasts of the United States
there is a broad zone of fragmental deposits, constituting the
upper part of the fossiliferous column as representel in the
American continent: the Cenozoic system of rocks. These
deposits comprise a number of distinct formations representing .
different geologic periods. Within them are found the extensive
greensand and phosphate deposits, which constitute the most
important source of natural fertilizers in this country and
which are thus far only partially developed. In the same
formations there occur vast accumulations of iron ore, and
some of the formations contain deposits of sulphur, salt, and
other valuable minerals. Geologic investigation has already
commenced within the portion of this zone covered by the
operations of the Mississippi Division of Geology ; but it is im-
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portant that before extended geologic investigations are carried
into this field a general study of its representative fossils shall
be made, in order to facilitate prompt and trustworthy classi-
fication of the strata upon paleontologic grounds. This gen-
eral investigation has been commenced by Mr. W. IL. Dall
The details of his work in the important field to which he has
been assigned, together with his collateral and accessory labors,
are fully set forth in his administrative report.

THE RESEARCHES IN PALEOBOTANY,

Although plant “impressions were among the first fossils to
stimulate popular curiosity and attract scientific investigation
they were among the latest to acquire importance as criteria
for the classification of the rocks in which they occur. Their
utility for such purposes is now generally recognized; and a
division for their investigation has been established in the Geo-
logical Survey, and Mr. Lester F. Ward, whose extensive col-
lections and laboratory are in the National Museum, is in
charge of it. ‘ '

In this, as in the other lines of paleontologic investigations
pursued by the Survey, the primary object of study is not alone
empirically to classify fossiliferous formations by means of
their contained fossils in accordance with existing knowledge,
but rather to develop the fundamental principles involved in
the relations of rocks and fossils ; and this necessitates a knowl-
edge of the organisms fossilized, of the manner in which the
fossils became imbedded, and of the various circumstances and
conditions attending these processes. 'Thusthe value of plants
as indices of geologic vicissitude must be ascertained before
their reliability as bases for a comprehensive geologic tax-
onomy can be determined. Accordingly, as sufficiently indi-
cated by his report, Professor Ward’s studies have thus far
been general and philosophic, and his results are contributions
to the science of paleobotany rather than ‘applications of the
science to geologic technology.

The investigations of the geologists of the last generation,
during which there was great activity in geologic work in the
Eastern United States, have shown that there is an important

hiatus in the geologic column as represented in the Appalachian
7 GEOL——3
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Mountains and along the Atlantic coast. This hiatus occurs
about the place of the lower and middle portions of the Meso-
zoic system of rocks; and it is impossible to form definite con-
ceptions as to the succession of events in the geologic devel-
opment of the continent until this gap is filled. Fortunately
some epochs of the periods generally unrepresented in Kast-
ern America are sometimes represented locally by stratigraph-
ically and geographically unimportant formations. One such
formation is the Trias of Connecticut, New Jersey, Pennsylva-
nia, Maryland, and portions of Virginia; another is the prob-
ably distinet series of deposits of Southeastern Virginia, by
some geologists regarded as the American equivalent of the
European Rhetic; and a third is the formation intercalated
between the Piedmont crystallines and the known Cretaceous
rocks of the Atlantic slope, which probably belongs to a late
Jurassic or early Cretaceous period unrepresented elsewhere
in America, to which the name “ Potomac formation ” has been
applied. The last two formations are practically destitute of
animal remains, but each yields abundant traces of a unique and
luxuriant flora; and with the hope of completing the geologic
history of the American continent, the floras of these forma-
tions have been critically investigated in the lelSlOIl of paleo-
botany by Prof. William M. Fontaine.

Professor Fontaine’s labors have already resulted in the
preparation and publication of a monograph treating of the
flora yielded by the older Mesozoic of Virginia; and, as set forth
in his administrative report, his attention during the past year
has been concentrated upon the equally interesting and yet
more abundant flora of the Potomac formation of Virginia
and contiguous portions of Maryland. His collections have
been very large, and the material brought together will un-
questionably add much to our knowledge of obscure points in
American geology.

THE RESEARCHES IN FOSSIL INSECTS.

In accordance with the general theory held by the Survey,
that collateral investigations ought to be simultaneously car-
ried forward along as many convergent lines as possible, a
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study of the fossil insects found in the Paleozoic and Mesozoic
rocks in different parts of the country has been instituted.
The investigation has been put in the hands of Mr. S, H.
Scudder, the eminent specialist to whom the world is in-
debted for an important share of existing knowledge of the
insect faunas of past ages. It is especially important that the
study of fossil insects should be prosecuted in connection with
that of fossil plants; for, as shown by the most eminent biol-
ogists, the history of plant life has been intimately connected
with that of insect life; many of the most important modifi-
cations in plants are.directly attributable to the agency of in-
sects; and thus insects are as reliable indices of climatic and
other conditions that have prevailed during the various geo-
logic epochs as the plants themselves. Moreover, insects, like
plants, tell of terrestrial conditions, while a large share of
the other fossil remains that have been subjected to examination
tell only of the sea and of aqueous conditions; and it is as im-
portant to geologists, whatever be the ultimate aim of their
researches, to understand the various stages in the develop-
ment of the land as to interpret the history of the seas.

Professor Scudder’s biief report on the initial work of his
division appears in its proper place.

MISCELLANEOUS,
. WORK IN THE DIVISION OF CHEMISTRY AND PHYSICS.

As will appear from the report of Prof. F. W. Clarke, chief
of this division, satisfactory progress has been made in the
analyses of rocks, ores, mineral waters, &c. These analyses
cover materials from Arizona, California, Colorado, Illinois,
Iowa, Kentucky, Louisiana, Maine, Massachusetts, Michigan,
Montana, New Mexico, New York, North Carolina, Ohio,
Utah, Virginia, West Virginia, Wyoming, Yellowstone Park,
and several States and Territories not named above.

While the chemic work of the Survey is ever regarded as
subordinate to geologic investigation and its character and
specific objects are determined from time to time by the needs
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of the geologists of the Survey, original investigation in differ-
ent collateral lines is-encouraged, it is believed with beneficial
results. Thus, during the past year interesting questions re-
lating to the genesis of certain minerals and to the agency of
certain waters in forming minerals have been investigated
in this division of the Survey. Many of the researches car-
ried on in this division have a direct practical bearing upon
questions connected with the development of the mineral re-
sources of the country. Among these may be mentioned the
investigation of methods of salt manufacture by Mr. T. M.
Chatard, submitted herewith among the special treatises pre-
pared to accompany this report.

Hitherto the geologist engaged in the discussion of problems
involving coefficients of friction, moduli of elasticity, constants
expressing the effects of pressure, temperature, &c., upon
rocks, and other questions such as continually arise in dynamic
geology has generally been compelled to confine himself to
the use of constants determined in connection with the arts;
but such constants are unsatisfactory, since they are applicable
only to a much more limited range of conditions than those
encountered by the dynamic geologist. Accordingly, an ad-
equate discussion of such phenomena demands more accurate
determination of constants applicable under a wide range of
conditions; and this involves the improvement of methods of
determination and the devising of special apparatus therefor.
These are the ends kept in view by Dr. C. Barus and his asso-
ciates, the physicists of the division, and satisfactory progress
has been made in their attainment. '

RESEARCHES ON SEA LEVEL AS AFFECTED BY THE ATTRACTION
OF ADVENTITIOUS MASSES.

The principal function of the astronomic and computing
section and that which it was specifically established to per-
form is the making and reduction of such astronomic and geo-
detic observations as are required in the accurate determina-
tion of points lying within the areas topographically surveyed
and in the co-ordination of the topographic sheets. Much
work of this character has been performed in a satisfactory
manner during the past year, and aspecial report thereon will
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shortly be issued. But there arise from time to time important
questions in physics and pure geology whose discussion in-
volves the application of the higher mathematics, and the ge-
ologists are assisted in the investigation of such subjects by
the astronomer of the Survey, Mr. R. 8. Woodward.

One of the fields of original investigation inherited by this
Survey and greatly expanded through its efforts relates to
the ancient beaches and shore terraces that have been dis-
covered and traced out in different parts of the country, far
from the present shore lines. In many cases these ancient
water lines are not horizontal. Now, it is important, upon
purely scientific grounds as well as for utilitarian purposes,
to ascertain the causes and the limits of the shifting of the
great water bodies of the earth that these records indicate.
It is also important that the different hypotheses which have
been entertained from time to time as to the nature of this
shifting should be tested by comparison with known facts.
Among these hypotheses is that which attributes the shifting
of the shore lines to the deformation of the sea level of the
glacial period arising from the attraction of the northern ice
sheet. The amount of deformation producible in the terres-
trial spheroid by the attraction of a given ice mass is sus-
ceptible of determination to any required degree of preci-
sion by mathematic methods; but, in order to eliminate the
possibility of error from the formulas of different investigators
who have at various times dealt with related questions and to
render practicable the numeric evaluation of the disturbing
effects of local masses (either forming a part of the earth or
superimposed upon its surface) on the sea level, it was nec-
essary that the entire subject of the gravitative action of such
masses should be critically reviewed. Such a review has been
undertaken by Mr. Woodward during the pastyear, with val-
uable results. He has derived a new set of formulas, applica-
ble not only to the discussion of the specific questions for which
they were designed but to the entire class of questions to
which these belong. - Thus, the same formulas are of value in
determining the relative positions of level (equipotential) sur-
faces in lake basins; they are applicable in determining the
deformation of the ocean surface by contiguous continents;
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within certain limits they are applicable in determining the
relative density of different mountain ranges, or of mountain
ranges and contiguous plains; and they are also applicable in
discussions relating to the distribution of density in the earth’s
crust and other important problems in geology.

The results of Mr. Woodward’s investigations will be pub-
lished at an early day.

WORK IN THE DIVISION OF MINING STATISTICS AND TECHNOLOGY.

The principal function of the Geological Survey is the dis-
covery of mineral resources before unknown and the collee-
tion of facts of importance to the industries involved. In order
that this function may be properly performed it is necessary
that attention shall be given to the technology of mining and
that information relating to the best methods of mining differ-
ent ores under various conditions shall be disseminated. More-
over, statistics of mining operations and of mineral proaucts
are essential to a thorough comprehension of the great mineral
resources of the country, the mineral interests involved therein,
and the industries that grow out of them. A division has been
established for the performance of this work. The scope and
character of the work of the division are clearly set forth in
Mr. Albert Williams’s final administrative report. The divi-
sion is now in charge of Dr. D. T. Day.

The accompanying tables exhibit the quantities and values
of the various metallic and non-metallic mineral products of
the United States during the calendar year 1885.

Metallic products of the United States in 1885.

Products. Quantity, Value.

Pig-iron, long tons, spot value....c..oomeeimnriniomcaneimaeaiiaan aemn- 4, 044, 525 64,712,400
Silver, troy ounces, coining value ..ceeu.oociiiiiimmimcetcniaciianiaea. 39, 910, 279 51, 600, 000
Goold, troy ounces, colning valle oo icee oo iiiiiima e e aaenas 1, 538, 376 31, 801, 000
Copper, pounds, value at New York City @ -cveeermcrenciieceicnnnanans. 170, 062, 607 18, 202, 999
Lead, short tons, value at New York City .occuvimeimmanicnnniccrnnonns. 129,412 10, 469, 431
Quicksilver, flagks, value at San Franciseo .co.ooveiviiiiiaieiaiienanans 32, 073 979, 189
Zine, short tons, value at New York City ....coicemmmimreicniceinenenann, 40, 688 3, 539, 856
Nickel, pounds, value at Philadelphia ... .. cairieiamiimieeiimniceeenann. 277,904 * 191,753
Aluminum, troy ounces, value at Philadelphia ..cceoviiiiaieeinniaaean. 3, 400 2, 550
Platinum, troy ounces, value, crude, at New York City .cccaeeuvinanaan. 250 187

Total value of metallic produets. .o cc.oue.e oo m e ceeeimemme]aeenacmarcann 181, 589, 365

aIncluding copper from imported pyrites.
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Non-metallic mineral products of the United States in 1885 (spot values).

Products. Quantity, Value.

Bituminouns coal, brown coal, lignite, and anthracite mined elasewhere
than in Pennsylvania, long tons@.c..coeeiecmiiniinoniiviinnaaaa. 64, 840, 668 $82, 347, 648
Pennaylvania anthracite, long tonsb. . ....oer i inioaeiviii e 34, 228, 548 7€,671,948
Potrolenm, DATTOIS . ca.cieimera e ieicicieteirae seeecemcrmaarana- 21, 842, 041 19,193,694
Building stone . ....erereeemanramartioaon cttmciimamtaieanoacanacanncammoes]iiaiiiaaa s 19, 000, 000
BT T (T 1 - T 40, 000, 000 20, 000, 090
Salt, DATTOIS. a v caeiene e cansrccaacseaamece s e ecmar e 7, 038, 653 4,825, 345
" Cement, barrels....... e eeececeemmmmicsesosecemsacanronatom s ans 4, 150, 000 3, 492, 500
South Carolina phosphate rock, long tons. ceaeaeoooioe o iaaa, 437, 856 2, 846, 064
Neow Jersey marls, short tODS. ocoe.vaneiamiiie i ciiaearia e 875, 000 437, 500
Limestone for iron flux .o .o aianimieer i ine it rcrene vt e e 1, 694, 656
Mineral waters, gallons 801d .oouerecnamtrii et aes 9, 148, 401 1, 312, 845
Natural gas. c...o.vvaenmemrieccaiatita i tiitete e iemeiemeeee il 4, 854, 200
Zine white, Short 60n8. . ceueecen.iaaaar e aiieer e e eae, 15, 000 1, 050, 000
Concentrated borax, pounds .ce.venencneoerunmiranrcernas ronevenvenan. 8, 000, 000 480, 000
Mica, pounds ..o..coviaeanannn e 92, 000 161, 000
Pyrites, long tons.ccemm o oim i, beeemmane saas 49, 000 220, 500
Gold quartz souvenirs, jewelry, &€ ..cceecoueiiimmiiiiiiiienne it e, 140, 000
Manganese ore, 10ng tONS .- ceeu-voniiimreierimcinaronarravecoimorronieans 23, 258 190, 281
Crude harytes, long tons........cceaa... vecmaeas searumaan e 15, 000 75, 000
Ocher, IoNg t0N8. cceocviieeremeiicrmeirersssssecacensasnrencnsecnmeonnmnas 3,950 43, 575
Precious stones .....c..-.... Cressecmmesemieroerrrasnannmnsosnsrmamraenontl L, «69, 300
Bromine, pounds ....ccvaieeiomiiaiiiaaoo, P 310, 000 89, 900
TFeldspar, long tons . . ocouvreerareieerieeimetiririiieceeraaa e reenans 13,600 | | 68, 000
Chrome iron ore, IoDg t0NS. .. e vrienrenrrciiiicaaseerancananamsnnns 2, 700 40, 000
Asbestus, short t0m8. . ieeeeni i mmiiirietc e cmriarraeenemaae 300 9, 000
Slate, ground as a pigment, long ton8. cv o cevireernoannn-... vemtrrrereanes 1,975 24, 687
Bolphur, ShOTE t0IS « v evvcanereerocanccmaecensaceeamtsonssonseacoenamanes 715 17, 875
Asgphaltunm, short tonS.....cerimeieatererincercmeieniemrsamannnan ceeeeaas 3,000 10, 500
Cobalt oxide, poundse....ve ceerieennao. Aeremcennrrneaaas Ceeemaonnnn 68, 723 65, 373
Total value of non-metallic products........... vercamrane N . 239, 431, 991

@ The commercial product, thatis, the amount marketed, was only 63,569,284 tons, valued at $80,640,564.
bThe commercial product, that is, the amount marketed, was only 32,265,421 tons, valued at $72,274,544.
c¢Including cobalt oxide in ore and matte.

Résumé of the values of the melallic and non-metallic mineral substances produced in the
United Stafes in 1885,

MetalS. ...ceeveennerneeeennns N een e eemen e ana e $181, 589, 365
Mineral subsiances named in the foregaing table ... ...ooo.ii e, 239, 431, 991
421, 021,356

Estimated valae of mineral products unspecified ..--c.ccocieioeeinceininencnioinannnt 7, 500, 000
Grand Botal. . caae o e ot tem et iceeeeicaiteacvremeaareaes 428, 521, 356

WORK IN FORESTRY.

It is well known that the pineries of the Upper Mississippi
and Great Lake regions, from which a large proportion of ihe
lumber consumed in the country has been derived during past
decades, are rapidly disappearing and that their complete ex-
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haustion is a question of only a few years. It is therefore
important that the eyes of the lumber manufacturer and of
the lumber consumer should be directed to other regions of
supply. Among such are the wooded portions of the Appa-
lachian mountain system, the Adirondack region in New York,
and other considerable areas in the Eastern United States which
are naturally forested with woods available in the manufact-
ure of various grades of lumber and within which the land
is comparatively worthless for other purposes than timber
growth. But the American people have now passed that pio-
neer stage in the settlement and utilization of the national do-
main in which man can avail himself of the fruits of the land
without thought for the morrow. The time has come for con-
sidering questions of reproduction of ephemeral products and
of perpetuating the natural supplies thereof. Moreover, the
interests growing out of the various products of the soil are in-
timately but intricately connected with various other interests.
It is therefore important not only to ascertain and classify the
present forest resources of the country, but also to determine
(1) what portions of the country can be profitably reserved for
arboriculture and (2) what kinds of trees are best adapted to
each region.

Such is the work of ‘the division of forestry. Inthe adminis-
trative report of the chief of that division, Mr. George W. Shutt,
the plan of operations and the preliminary results already se-
cured are set forth in detail.

SUPERVISION OF PUBLICATION.

As stated on a previous page, the publications of the Sur-
vey already numbered 41 at the beginning of the fiscal year.
Adding to this the number of monographs, bulletins, annual
reports, and statistical papers since published or in various
stages of completion, the total number is brought up to 58 at
the present time. These publications, emanating from the
several scientific divisions of the Survey, are varied in scope
and frequently of a highly technical character. To secure
clear and accurate statement in the material sent to press,
careful proof-reading, and uniformity in the details of book-
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making, as well as to assist the Director in exercising a gen-
eral ‘supervision over the publications of the Survey, it has
been found expedient to provide a small corps to which work
of this character may be intrusted; and Mr. Thomas Hampson
has been placed in charge of it.

" WORK IN THE DIVISION OF ILLUSTRATIONS AND IN THE DIVI-

SION OF THE LIBRARY AND DOCUMENTS.

Attention is directed to the reports of the chiefs of these di-
visions, in which the operations for the past fiscal year are
set forth in detail.

OFFICE OF THE SURVEY.

During the year the Survey offices, with the exception of
the paleontologic and chemic laboratories, have remained in
the I street building rented by the Government for the pur-
pose; and it has been found that the transaction of business
has been greatly facilitated by reason of the satisfactory -ar-
rangement of rooms, &c., in this commodious building. Most
of the laboratories remain in the National Museum. The lab-
oratory of vertebrate paleontology has been retained at New
Haven, in one of the buildings of Yale College, for lack of
space in the National Museum; and the offices and chemic
laboratories of the Colorado and California divisions of geol-
ogy are retained respectively in Denver and in San Francisco.

ACKNOWLEDGMENTS.

It is a pleasure to report that the relations of the various
members of the Survey among themselves and with the Di-
rector have been most harmonious, and that there has been a
complete co-operation between the several divisions. The
Director desires to express his deep gratitude to the different
gentlemen employed under his direction, who have so fully
appreciated the ends of the Survey and so energetically car-
ried out the plans whereby it is hoped these ends may be at-
tained. .

As heretofore, the Survey is deeply indebted to the honor-
able Secretary of the Smithsonian Institution, Prof Spencer
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F. Baird, for the use of laboratory rooms in the National Mu-
seum and for the care and proper exhibition of the volumi-
nous collections sent in from all parts of the country.

To the railroads of the United States the Survey is pro-
foundly indebted not only for free transportation, whereby its
work in some cases has been greatly facilitated, but for plans,

profiles, and other valuable results of their surveys.

Such

data have been of incalculable service in the prosecution of
the topographic surveys of this institution, as has been indi-

cated in a preceding report.

FINANCIAL STATEMENT.

Amounts appropriated for and expended by the United Siates Geological Survey for the
Jiscal year ending June 30, 1886.

P

Amoints appropriated. cceceeiieiiininennn..
Amounts expended, classified as follows:

Expenses.

123 2 1L PRI
, Traveling exXpenses..ccceeeieeriiiceennann.
Transportation of property.-....eceae...
. Field subsistence. ... ...cocoeoieaivaan..
. Teld supplies ahd expenses
Field material ..oev.veieencacriiaciaaaans
. Instruments......ccvneerireeiiiioiecnaens
. Laboratorymaterial. ....cc.voeoiiaae..
. Photographic material .......oo.ocenual..
. BookB and mAaps. .ceeeeiiiicmiiiiccacecaas
. Stationery and drawing material
. Illustrations for reports....c.co.coave-n...
. Office rents
. Office furniture .............
, Office supplies and repairs. ...cococccoen...
R 75 ¥ AP
. COrreBpONABIECS « cavuecneemncmvacannaaann
Bonded railroad accounts: Freight,
$1,466.24 ; transportation of assistants,
$1,542.05

nWoOrROoORREHFHAnEHOREY OR

...............................

A, Salaries

Balance unexpended...... e eemeeeeersananan

..................................

Probable amount required to meet outatand.
ing labilities

..............................

$335, 342 99
30, 003 &7
5,455 05

" 18,741 73
25, 808 58
10, 360 57
2, 867 83
7,017 36
5,574 84
6,170 55
1,018 52
764 00
1,782 77
5,055 78
4,797 38
201 25

879 61

3,008 29

- 85,000 46

..............

..............

Salaries,

Geological | office of Geo-| Total ap-

Survey. logieal Sur- | propriation.
vey.
$467, 700 00 $35, 540 00 $503, 240 00
459, 840 67

.............. 35,009 46 494, 850 13
7,859 33 530 54 8,389 87

7,859 33
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REPORT OF MR. HENRY GANNETT.

DEPARTMENT OF THE INTERIOR,
U. 8. GEOLOGICAL SURVEY,
DIVISION OoF GEOGRAPHY,
Washington, D. C., July 1, 1886.

Sir: I have the honor to submit the following report of the opera-
tions of the Division of Geography during the fiscal year ending June
30, 1886: ‘

During the year geographic work was carried on in all the areas
occupied during the preceding year, including Massachusetts, New
Jersey, the Appalachian Mountains south of Mason and Dixon’s line,
Kansas, Missouri, Texas, Arizona, the Cascade Bange in Northern
California and Southern Oregon, and in the Yellowstone National Park.
Furthermore, work was begun, upon a scale of 1 mile to an inch, in the
area adjoining the District of Colnmbia, and, upon a publication scale
of 2 miles to an inch, in the Gold Belt, upon the western slope of the
Sierra Nevada, in California. The total area surveyed during the sea-
son is 81,829 square miles,! distributed as follows among the varions
areas under survey: o

rogion selo gty Contonr |y

Feet. |Sq. miles.

Massachugetts ... ... o e g7das 20 2, 500
B LR L) =L 2 LR BIETT 20 1,843
Southern Appalachion region--......ceeeocaioiiimiienicanenannnns 125000 100 23, 686
MISSOUT-FKAISAS - .« e e ceneeeee e e e e caemte ameeraammnnnne S — 50 21, 400
Texas ... coeenn... e e e e 12dvon 50 8, 000
ATIZODA -« e e e e e et ae v e aanan 554600 200 8, 000
Gold Belt, CalfoTnia . . .ecvimnnssremsm e cenarennnnnas s 125500 100 2,400
Northern California and Southern Oregon .......c.o.ooiivnnn.n. EOOTT 200 10, 400
Yellowstone National Park and Northwestern Wyoming .......... TZE00T 100 3, 600
Total.eoeeernaeicicicirioaaineacnnn fhereescmarroanceonrveanne]lociareann R 81, 829

1 A mayp, Plate I, exhibiting the areas surveyed, as tabulated above, in their relation
to previous surveys, will be found in the pocket at the end of this volume.
' 45
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The average cost of the work done during the year was, approximately,.
$2.75 per aquare mile.

There were completed during the year no fewer than ninety sheets of
the General Topographic Atlas, several of which, although surveyed
only last summer, are already engraved, while many others are in the-
hands of the engraver.

ORGANIZATION.

The organization of the division was very similar to that during the
preceding year. The work in Massachusetts and New Jersey, consti-
tuting the northeastern section, was until recently under my immedi-
ate supervision. On the 19th of April, 1886, Mr. Marcus Baker, for-
merly an assistant in the United States Coast and Geodetic Survey,
was appointed geographer, and shortly afterward was assigned to the
charge of the northeastern section.

All work done in the country south of Mason and Dixon’s line and the
Ohio River and east of the Mississippi, constituting the Appalachian
section, was as heretofore in charge of Mr. Gilbert Thompson.

The work west of the Mississippi River (with the exception of that
done in the Yellowstone National Park), including the Missouri-Kansas,
Texas, Arizona, Gold Belt, and Cascade subsections, was in charge of
Prof. A. H. Thompson. '

The work done in the Yellowstone National Park and the region im-
mediately adjacent thereto constituted a separate section, in charge of
Mr. John H. Renshawe.

In the office there was a section of drawing, in charge of Mr. Harry
King, and there was a section for the manutacture and repair of instru-
ments, in charge of Mr. Edward Kiibel.

NORTHEASTERN SECTION.

Massachusetts subsection.— The opening of the fiscal year found Mr.
Sumner H. Bodfish, with Messrs. C. C. Bassett, R. H. Phillips, Laurence
Thompson, Clifford Arrick, E. B, Clark, W. J. Grambs, H. L. Smyth,
and Van H. Manning, jr., at work in Bristol County, in the southeastern
part of the State. Mr. Bassett was subsequently detailed to Mr. John-
son’s party, and two additional assistants were added to Mr. Bodfish’s.
party, making altogether ten men under his orders. These men prose-
cuted work during the season in Plymouth and Bristol Uounties‘, and
with such good effect that by the end of the season the area of these
two counties was surveyed, with the exception of parts of the towns of
Plymouth and Wareham, in the southeastern part of Plymouth County.
There remained to be completed, however, in various parts of the re.
gion, small areas of swamp, marsh, ponds, &c., which could be sur-
veyed to advantage during the winter, when frozen, and for this pur-
pose two or three of the members of the party were left in the field
during the winter, while the rest returned to Washington earty in Decem-
ber. During the winter and early spring these swamp areas were sur-
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veyed, and the remaining parts of the towns of Plymouth and Ware-
ham were completed. In the office the men were occupied in plotting:

- the field notes, in drawing and lettering the maps, and in the prepara-
tion of copies for deposit with the State of Massachusetts,

Early in May of the present year Mr. Bodfish was ordered to the field,
with the following assistants, including those who had been in the field
during the spring, viz: Messrs. Laurence Thompson, W. J. Grambs, H.
L. Smyth, E. B. Clark, Clifford Arrick, Van H. Manning, jr., and S.
A. Aplin., Mr. Smyth was subsequently detailed to the party of Mr.
W. D. Johnson, and Mr. Bodfish was aunthorized to employ temporarily
three rodmen. Work was commenced upon Cape Cod, a large part
of the area of which had been completed by the Coast and Geodetic
Survey, and progress was also made toward the completion of the
atlas sheets lying between latitudes 42° and 42° 15/ and longitudes 70
45 and 71° 30/, A beginning also was made in the sheet lying between
latitudes 42° and 42° 15 and longitudes 71° 30/ and 71° 45, Alto-
gether the area surveyed by this party during the year amounts to 1,200
square miles. )

Mr. Natter’s party, which at the opening of the fiscal year comprised,
besides himself, Mr. J. H. Jennings, assistant topographer, and two
field assistants, was engaged at that time upon the Boston sheet, the
work upon which was very near completion. This sheet was finished
by the middle of July, and Mr. Natter’s party was at once ordered to
Berkshire Conuoty, with directions to complete the area lying west of
longitude 73° 15/, from latitude 42° to 420 45/, including a belt the en-
tire width of the State. Work was prosecuted during the rest of the
season with great energy and good success, and early in December the
entire area thus assigned was finished. During the winter Mr. Natter
and his assistants, occupying rooms in the office of the Topographical
Commission in Boston, completed the drawing of their field sheets,.
with the exception of the Boston sheet, and made copies of the work
in Berkshire County for deposit with the State of Massachusetts.

Certain small areas in the Boston sheet were found to require revis-
ion, and the completion of this sheet was delayed until time could be
had for the necessary examinations in the field.

Early in May of the present year Mr. Natter, with Messrs. J. H, Jen-
nings, W. S. Hunter, C. B. Hepburn, and two field assistants, retnrned
to the field. This party commenced work on the atlas sheet lying be-
tween latitudes 420 15’ and 420 3(/ and longitudes 71° 15/ and 71° 30",
At the present date they have completed an area on that sheet of 200
square miles. The total area surveyed by this party during the fiscal
year is 590 square miles.

. At thecommencement of the last fiscal year Mr. W. D.Johnson, topog-
rapher, with two field assistants, was engaged in work upon the sheet
lying between latitudes 42°© 15’ and 42° 30’ and longitudes 71° 45’ and.
720, a small area in the southern part of which had been surveyed dur-
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ing the spring. As the season advanced, Mr. Johnson was authorized
to employ additional assistants, and the work was pnshed rapidly, The
sheet in question was completed by the end of September, and his party
was transferred to the northern part of Berkshire County, with direc-
tions to survey the sheet lying between latitudes 42° 30/ and 42° 45/
and longitudes 73° and 73° 15’. 'With three plane tables at work, this
area was completed by the opening of winter, and early in December
the party was established in winter quarters at Cambridge, Mass. The
winter’s work consisted in the completion of the plane table sheets of
the two atlas sheets surveyed and in the preparation of copies of them
for deposit with the State.

On the 1st of May of the present year Mr. Johnson, with his assist-
ants, Messrs. R. D. Cummin and W. H. Lovell, was ordered to the field,
and later Messrs. C. C. Bassett and H. L. Smyth, the latter having been
detached from Mr. Bodfish’s party, were ordered to join him, and three
additional assistants weretemporarily employed. Work wascommenced
npon the four atlas sheets lying between latitndes 42° and 42° 30/ and
longitudes 72° 45/ and 73° 15/, and is now being carried on with good
effect. The total area surveyed by Mr. Johnson’s party during the
year amounts to 460 sqnare miles.

Early in July, 1885, Mr. Anton Karl, topographer, with three assist-
ants, was ordered to the field and directed to complete the atlag sheet
lying between latitudes 42° 15/ and 42° 3(/ and longitudes 72° 3(/ and
720 45/, Shortly after reaching the field of his work, Mr. Karl was
ordered to Colorado, for the purpose of taking part in the trial of the
Maxwell Grant case as a Government expert. This detail, with its at-
tendant delays, involving the absence of Mr. Xarl for fully two months
during the middle of the season, to a great extent crippled the work
of his party. During the season the atlas sheet in question was com-
pleted, however, and the roads npon half of the sheet lying north of it
were traversed by his assistants. Dnring the winter Mr. Karl was en-
gaged in the office at Washington in plotting his work and in making
a copy of his sheet for deposit with the State of Massachusetts. His
party has not yet taken the field for the current season. The total
area surveyed dnring the season by this party comprises 160 square
miles of finished work and a traversed area of about 116 sgnare miles.

The entire area snrveyed during the fiscal year iu Massachusetts is
2,500 square miles. This, added to the area surveyed in 1885, makes a
total of 3,750 square miles, or nearly one-half the area of the State.
(PL IL.)

New Jersey subsection.—This work was, as before, in the immediate
charge of Mr. C. C. Vermeule, topographer, and nnder the general super-
intendence of Prof. George H. Cook, State geologist.

The parties were placed in the field in the spring of 1885, prior to the
commencement of the last fiscal year. At that time Assistant Topog-
raphers F. W. Bennett, P. H. Bevier, W, H. Luster, jr., and George
Hill, with four aids, were in the field engaged in leveling and contour-
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ing, while Messrs. W. D. Staats and Asher Atkinson were engaged in
odometer surveys. On October 1 the latter foree was increased by the
addition of Mr. C. 8. Sproul and another aid. During the month of
October a party in charge of Mr. Bennett executed a detailed survey
of a part of the Delaware River, from Philadelphia to a point 35 miles
above that city. Field work closed on December 20. Five assistant
topographers and two odometer recorders were retained in the office
through the winter and were employed in plotting their work. This
was completed April 5,1886, and the parties resumed field work shortly
after that date. At first, Messrs. Bennett, Bevier, Luster, Staats, and
Atkinson, with assistants, were engaged in leveling and contouring,
and N. B. K. Hoffmann and W, F. Marvin were employed in ranning
traverse lines with the odometer. On May 5 a large party was organ-
ized and placed in charge of Mr. Bennett for the pnrpose of extending
the detailed survey .of the Delaware shore north ward. This work was
carried forward expeditiously and was completed on June &, when the
party was redivided into leveling and contouring parties. On the re-
sumption of field work, in April, Mr. Sproul, with an assistant, was
retained in the office for the purpose of plotting the traverse notes and
furnishing plats to the level parties.

"During the year Mr. Vermeule was occupied personally in the super-
vision of the work and in triangulation. The latter was extended over
1,800 square miles, in which fifty-three statious were located. The area
which has been topographically mapped in this subsection during the
year is 1,843 square miles, of which 1,453 have been plotted. An addi-
tional area of 570 square miles was traversed by meander survey, but
not leveled or eontoured. In thé area surveyed there were 4,500 miles
of traverse lines run and 3,500 miles of to pographic levels, besides 571
miles of primary levels. (Pl. IIL.)

APPALACHIAN SECTION.

During the year the organization of the Appalachian section was
quite similar to that of the preceding year. There was one triangula-
tion party in the field, under Mr, S. S. Gannett, with six parties for
topographic work, two of which have been carrying on triangulation
also, in charge, respectively, of Messrs. W. T, Griswold, Morris Bien,
Charles M. Yeates, Frank M. Pearson, Louis Nell, and Fred. J. Knight.
~ In addition to these, a party was engaged in making a map of the

area adjacent to the District of Columbia, upon a publication scale of
1 miile to an inch. This party was under the immediate charge of Mr.
John D, Hoffmann, topographer.

At the beginning of the fiscal year the party last mentioned was
ordered to the field. 1t comprised, besides Mr. Hoffmann, Assistant
Topographers Jere. Ahern and D. J. Howell and four field assistants,
Instructions were given to survey the area lying between latitudes 380
45" and 39° and longitudes 77°© and 77° 15/, excluding such part of the

7 GEOL——4
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District of Columbia as lies within this area, that being now under
survey on a large scale and in a great degree of detail by the U, S,
Coast and Geodetic Survey. Adequate control for the location of
topographic work was furnished by the triangulation of the Coast and
Geodetic Survey, several stations of which lie within the area in ques-
- tion. The bench-marks of the Coast and Geodetic Survey were as-
sumed as datum points for the location of contours, which were drawn
at vertical intervals of 20 feet. The work was carried on by means of
traverse lines, using stadia instruments supplemented by the plane
table. During the season the Virginia portion of tlie area in question
was completed in great elaboration of detail and with great acenracy.

Early in the spring of 1886 Messrs. D. J. Howell and George P-.
Money were directed to take the field for the purpose of continuing
this work, under Mr. Hofimann’s direction, and subsequently Messrs.
Emil Starek and Charles Bogan were similarly detailed. The work is
being carried on by means of stadia lines. At the present date, the
entire area of the sheet above designated lying outside of the District
has been completed, and work is now being extended in the sheet east
of it. The area surveyed by this party during the fiscal year was 308
square miles. ‘ :

The triangulation party under Mr. S. S. Gannett took the field May
1, 1885, two months before the beginning of the fiscal year. The work
during these two months consisted in the extension of the triangu-
lation in the southern part of the valley in East Tennessee and the
connection of this work in that region with the stations of the Coast
and Geodetic Survey in Northern Alabama. On the 1st of July Mr,
Gannett’s field of work was changed to Southwest Virginia, in which
area he continued, working northeastward between the transcontinental
and Appalachian belts of the Coast and Geodetic Survey. During the
season he occupied eleven stations in the southern area and twenty-
five in the northern, being a total of thirty-six stations occupied during
the season, covering an area within lines of 10,500 square miles. His.
party was disbanded on November 5. He was occupied during the
winter in the reduction of his work,

On the 1st of May he was again ordered to the field for the purpose
of closing up the area lying betwecn the transcontinental and Appa-
lachian belts of triangulation. This work being finished, Mr. Gannett
was directed to continue the triangulation north of the transcontinental
belt in West Virginia. Since taking the field this spring he has ocen- -
pied nine stations, making a total for the year of forty-five stations,
covering, within outside lines, an area of between 13,000 and 14,000
square miles.

The party under Mr. W. T. Griswold, topographer, was organized in
two semi-independent parties, one under his immediate supervision and
the other under Mr. Louis O. Fletcher, assistant topographer. The
latter was directed to complete the unsurveyed portion of the atlas.
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sheet lying between latitudes 39° and 40° and longitudes 79° and 809,
and thence to extend his work eastward, surveying a belt south of the
area formerly occupied. The other party was directed to contour Berke-
ley and Jefferson Counties, in West Virginia, and Loudoun, Clarke,
and Frederick Counties, in Virginia, taking advantage of certain sur-
veys which had previously been made, notably those by Prof. H. F.
Walling while connected with the U. S. Coast and Geodetic Survey.
This party took the field on the 1st of June, 1885, and was engaged in
triangulation up to the 1st of July, when an organization for the sea-
son was made., Work was prosecuted until the middle of November.
An area of 3,500 square miles was mapped, completing the area lying
between the parallels of 39© and 40° and the meridians of 78° and 809,
with the exception of the portions lying in Pennsylvania.

Mr. Griswold resumed field work on May 17, with Messrs. E. C. Bar-
nard and R. O. Gordon as assistants. Mr. E. A, Oyster joined him a
few days later. At the present date he has surveyed an area of 566
square miles, comprised in Loudoun and Fairfax Counties, in Virginia.

About the middle of May Mr. Merrille Hackett, assistant topogra-
pher, was ordered to the field in Northern Maryland for the purpose
of examining and revising the work done in that region by Prof. H. F.
Walling while conneeted with the U. S. Coast and Geodetic Survey.
At this date a large area (895 square miles) has been revised, and the
sheet comprising it is now being prepared for publication.

Mr. Fred. J. Knight, topographer, was placed in eharge of the party
formerly under Mr. W. A. Shumway, who resigned at the close of the
preceding fiscal year. Mr. Knight’s orders contemplated the map-
ping of the area embraced between the western limit of the work
in Kentucky and the eighty-third meridian and between latitudes
37° and 380, while south of latitude 37° he was to extend the work
westward to longitude 84°, thus completing two atlas sheets. His
work comprised both triangulation and topography. The party out-
fitted at Richardson, Ky., in the early part of July. It comprised, be-
sides Mr. Knight, Messrs. D. C. Harrison and E. C. Barnard, assistant
topographers, with two field assistants and the necessary laboring
force. This party was successful in completing the work assigned to
it, and disbanded at Woodbine, Xy., November 26, having surveyed
an area of 3,300 square miles.

The party under Mr. Morris Bien, topographer, was instructed to
complete the eastern portion of the atlas sheet lying between latitudes
379 and 38° and longitudes 81° and 820, and, furthermore, to extend
the work to the northeastward in Virginia, with the Blue Ridge as its
east line, as far -as the field season would permit. This party left for
the field on July 10 and work was commenced five days later. It con-
sisted, besides Mr. Bien, of Mr. R. C. McKinney, assistant topographer,
five field assistants, and the necessary laboring force. Besides com-
pleting the atlas sheet above mentioned Mr. Bien surveyed the coun-
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ties of Giles, Pulaski, Carroll, Floyd, and Montgomery, the entire area
amounting to 3,675 square miles. The party disbanded at P’earisburg,
Va., November 27.

The party under Mr. Frank M. Pearson, topographer, was instructed
to complete the unsurveyed portions of atlas sheet 35°-84°, lying in
East Tennessee, and to extend the work eastward into the Sequatchie
Valley, including the east face of Walden’s Ridge. The members of
the party left Washington on July 12 and commenced topographic
work three days later., The party was organized as follows: Mr. Frank
M. Pearson, topographer, in charge, Messrs. H. B. Blair and A. E.
Murlin, assistant topographers, with two field assistants and the neces-
sary laboring force. On November 1 Mr. Pearson stored his camp out-
fit, discharged his camp hands, and with his principal assistants only
continued work, subsistence being obtained at hotels and farm-houses.
On November 21 he had completed the area assigned him and returned
. from the field. The total area surveyed by this party during the sea-
son is 3,325 square miles.

The party under Mr. Charles M. Yeates, topographer, was instructed
to complete the atlas sheet 350-83° and the northern half of 34°-830°,
This party outfitted at Charleston, N. C., and was at work by July 4.
It consisted, besides Mr. Yeates, of Mr. J. W, Hays, topographer, and
Messrs. R. McC. Michler and H. S. Selden, assistant topographers, with
three field assistants and the necessary laboring force. The work of
the party was delayed somewhat by a series of accidents which befell
Mr. Yeates, but in spite of them the area assigned to him was com-
pleted, and in addition the counties of Lumpkin, Georgia, and Oconee,
South Carolina, the party having surveyed an area of 3,071 square
miles. The suecess of this party was due in no small degree to Mr.
Hays, who was placed in temporary charge during Mr. Yeates’s disa-
bility, and who carried on the work excellently.

The party under Mr. Louis Nell, topographer, was directed to com-
plete the atlas sheet 34°-86° and to survey the entire area of atlas
sheet 340-87°, This party was organized and took the field July 12.
It consisted, besides Mr. Nell, of Messrs. R. M. Towson and K. A,
Oyster, assistant topographers, and Messrs. C. E. Cooke and S. A.
Foot, topographic assistants, with the necessary laboring force. Work
was prosecuted during the season very successfully, although several
members of the party suffered from malarial disease during the sickly
season. The party was disbanded at Huntsville, Ala., November 20,
some of the assistants remaining in the field a few weeks longer for the
purpose of completing small areas previously left unfinished. The
total area surveyed by this party during the season is 5,000 square
miles.

For the reduction of barometric observations for altitude, base sta-
tions were established at Romney, W. Va., Wytheville, Va., and Roan
Mountain, N. C. Through the courtesy of the Chief Signal Officer of
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the Army, the observations taken at the signal offices at Knoxville and
Chattanooga, Tenn., have been furnished, thus relieving this office
from the neeessity of establishing stations at those points. At our own
stations observations were made hourly from 7 a. m, until dark, thus
insuring coincident observations with those taken in the field. The
barometers at these stations were carefully compared with the standard
at the Signal Office in Washington, both before and after the field
season, and the barometers used in the field were compared with those
used at the base stations as often as possible and also with the barom-
eters of the signal offices in Chattanooga and in Knoxville.

As will be seen from the above account, the work of this section
during the past season has been eminently successful. The executive
managentent has been brought to such a point of excellenee that on an
average the parties were in the field at work within four days from the
time of leaving Washington. Not only did the area of work done show
a very decided inerease, but the improvement in quality has been even
greater than the increase in quantity.

Since the inception of work in this region there has been surveyed
an area of 56,350 square miles, This is distributed as follows among
thie several States:

Alabama ... it e e ciieed aaan Cieebecamieseesanranaas 6,013
L8 T a . e 3,822
KentueKy .o o imve o e e ieeese i iaecenanan 3,870
115 5 0 U R 2,155
JRER) O ) 3 T R I 6, 80
South Caroling ...ove coinvmein it o e emnenan et eeeeeemeee e 600
P enMES8Ce ... et iieie cocan vammet tmcceieeent e amae o 11,515
V2D -0 0 T N 10,780
West VIrginga -o oo ceoeiiir i e i imee et et mnce e eeea 11, 000
District of Columbia eu vt vimi i it it e et cet i nan aaeee, 15

B 07 7 ) OSSP 56, 350

For map showing progress of triangulation in the Appalachian re-
gion, sce PL IV,
WESTERN SECTION.

Missouri-Kansas subsection.—The work of this subsection was, as dur-
ing the previons season, in ¢harge of Mr. R. U. *Goode, topographer.
In the place of astronomie determinations for the correction of acenmau-
lated error in the surveys of the Geperal Land Office, it was decided to
substitute a gridiron system of triangulation, utilizing as far as possible
the transcontinental belt of the Coast and Geodetic Survey, both imme-
diately for the control of the work and also for the inception of our own
triangulation. The work of triangulation was placed immediately in
Mr. Goode’s hands, and for carrying on the topographie work under the
plan pursued during the preceding season two parties were organized,
in charge, respectively, of Messrs. H. L. Baldwin and E. T. Perkins, jr.,
assistant topographers.

To Mr. Baldwin were assigned the two square degrees lying between
latitudes 382 and 39° and longitudes 93° and 9359, comprising an area of
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about 8,000 square miles. To Mr. Perkins were assigned the two square
degrees lying between the same latitudes and thé ninety-fifth and ninety-
seventh meridians, together with an area of about 2,400 square miles,
lying between latitudes 37° and 38° and the meridians of 96° 30/ and 97°,
being the unfinished portion of the sheet assigned to Mr. Peters during
the previous season. Out of the area thus assigned to Mr. Perkins,
however, Mr. Goode was directed to survey a strip some 18 miles in
width, running east and west across the two northern square degrees,
a work which he could carry on coincidently with his triangulation
without sensible delay. Mr, Baldwin’s area was traversed from east
to west by the transcontinental belt of the Coast and Geodetic Survey,
and required no farther control. For the control of Mr. Perkins’s area
Mr. Goode was directed to carry a belt of triangulation, taking as its
base line and initial azimuth the line between the two westernmost sta-
tions of the Coast and Geodetic Survey, and running thence nearly
west across the middle of these two square degrees. The system of
work as thus planned was successfully carried out. Mr. Goode, start-
ing with the stations Fulton and Hutton Mound, of the U. 8. Coast and
Geodetic Survey, selected and occupied thirty-eight stations, carrying a
belt oftriangles and quadrilaterals through to a point within five miles
of the ninety-seventh weridian. All these stations were connected,
either by direct measurement or by minor triangulation, with the near-
est section corners of the land surveys, connection being thus estab-
lished between the two systems of survey. He also surveyed the 18-
mile strip within which lay his belt of triangulation. (P1. V.)

Although he found the plats of the General Land Oflice in his area
very inaccurate and incomplete, Mr, Baldwin succeededd in supplement-
ing their deficiencies of drainage and in adding the contours and c¢nlt-
ure to the entire area assigned him, and then, the season not being
over, he extended his work northward to the Missouri River.

The area assigned to Mr. Perkins was mainly an open prairie region,
and the Land Office surveys, being of later date than those in Mr. Bald-
win’s area, were much fuller with respect to drainage and were more
carefuily made; hence the difficulties which he encountered were very
much less than those met with by Mr. Baldwin. Hesurveyed the entire
area assigned him, and, several weeks remaining before the time assigned
for the disbandment of the parties, he extended his work northeastward,
and surveyed the counties of Wyandotte, Atchison, Jefferson, and Leav-
enworth, Kans., in addition to the area originally assigned.

The total area covered by this section is 21,400 square miles, of which
about 2,000 were surveyed by Mr. Goode, 8,900 by Mr. Baldwin, and
10,5600 by Mr. Perkins.

The parties disbanded in the latter part of November, stored their
property, and returned to Washington for the winter.” During the winter
and spring they were engaged in plotting their field work and in reduc-
ing the triangulation.
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Texas subsection.—The organization of this subsection, with the ex-
ception of the field assistants, was precisely the same as during the
preceding season. It remained in charge of Mr. E. M. Donglas, topog-
rapher, with Messrs. A. I'. Donnington and C. H. Fitch, as topogra-
phers in charge of parties. '

The members of this subsection left for Austin, Tex., for the purpose
of taking the ficld, about the middle of July. The work of oulfitting
‘was rapidly carried throngh and the parties commenced work with lit-
tle delay. The areas assigned to the two topographic parties were as
follows : First, the completion of the two square degrees lying between
latitudes 30° and 31° and longitndes 97° and 99°, abont balf of which
area had been snrveyed doring the preceding season; and, second, the
survey of the area lying between the same latitudes and lougitudes
99° and 99° 30/ and that lying between latitudes 31° and 31°. 30/ and
longitudes 98° and 99°. To Mr. Douglas was intrusted not only the
supervision of these parties, but the dnty of extending the triangulation
to cover the area to be surveyed. (Pl VI.)

These instrnctions were carried ont. Mr., Donglas selected and oc-
cupied during the season twenty stations for triangulation, and Messrs,
Fitch and Dunnington each surveyed an area of abont 4,000 square
miles. The parties continued work until late in November, when they
disbanded and returned to Washington.. During the winter the trian-
gulation was reduced and the work plotted.

Early in May of the present year, Mr. Douglas was sent to the field,
with instructions to continne the triangnlation in advance of the topog-
raphy. His reports recently received show that he has occupied and
located eight stations during the current field season, making altogether
during the year twenty-eight stations.

Arizona subsection.— The organization in Arizona, which had consisted
the previous year of two parties, was reduced to one party, in charge
of Mr. A. P, Davis, topographer, assisted by Mr. . H. Chapman, assist-
ant topographer. To this party was assigned the area lying between
latitndes 34° and 35° and longitudes 111° and 1139, comprising an area
of about 8,000 square miles. Mr. Davis was ordered to the field in
the latter part of June, 1885, with directions to carry triangnlation and
topography over the above described area. The instructions were
carried out, the work was completed, and the party left the field in the
early part of November. (IFor a map showing triangulation in the pla-
teau region, see Pl. VIL.)

Duoring the winter and spring this party has been engaged in office
work.

Gold Belt subsection.—As an aid to the study of the gold-bearing rocks
on the western slope of the Sierra Nevada, in California, it was de-
cided to make a topographic map of this area npon a scale of publica-
- tion of 1: 125,000, or about 2 miles to an inch, with a contonr interval
- 0f 100 feet. In accordance with this decision, Mr. H. M. Wilson, topog-
rapher, and Messrs. W. J. Peters and R. H. McKee, assistant topog-

AN
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raphers, were ordered to the field in June, 1883, with directions to out-
fit two parties for carrying on triangulation and topography jointly and
survey the area lying between latitudes 39° and 40° and longitudes
120° 40’ and 1229, or such part thereof as practicable during the season..
It was the intention to initiate the triangulation from points determined
by the U. 8. Coast and Geodetic Survey, but upon arriving at the field
of work the atmosphere was found to be so hazy that it was impossible
to see the stations. Consequently, for temporary nse, a base line was.
measured near Oroville, with a steel tape. Expansion was effected,
and triangulation was carried on from this with the intention of con-
necting it with the points of the U. S. Coast and Geodetic Survey here-
after when the state of the atmosphere would permit. With this as a
basis, topographic work was carried on. An area of 2,400 square miles
was surveyed by the two parties during the season., The work was.
closed early in December, and the parties returneq to this office.

On the 1st of May, 1886, Messrs. Wilson and Peters were again or-
dered to the field, mainly for the purpose of connecting their triangu-
lation of the season before with the points determined by the U. S.
Coast and Geodetic Survey, and also for the purpose of extending the.
triangulation as far as possible before the summer’s haze should become:
troublesome. Reports recently received from them indicate their entire
success. Connection had been established with the geodetic work of the:
U. 8. Coast and Geodetic Survey, and the triangulation had been ex-
tended well in advance of the topography.

Cascade subsection.—In the spring of 1885 this subsection was placed
under the charge of Prof. A, H. Thompson, the personnel remaining
the same as during the preceding season. Early in May Messrs. M. B..
Kerr and Eugene Ricksecker left for the field, the outfitting point.
- being, as heretofore, Red Bluff, Cal., and outfitted two parties for carry-
ing on triangulation and topography. The instructions in regard to:
triangulation were to push it as rapidly as possible during the early part
of the season, before the summer haze should become troublesome.
Their instructions with regard to topographic work were to complete the
survey of the country northward to the Oregon line and westward as far
as longitude 1232, while certain unfinished areas in Northwestern Nevada.
were to be ecompleted. The atmospheric conditions were very favorable
to triangulation at the opening of the season, and Mr. Kerr succeeded
in occupying Lassen’s Peak and Mount Shasta and in obtaining the.
necessary angles from those points. Upon the latter peak, Mr. Kerr
remained for three nights without fire and almost without shelter, one
of these nights being passed in a snow storm, before he completed his
work. Other points were occupied for triangulation with a greater or
less degree of success, and this work was put in such shape that the
topography was under fairly good control. The topographic work was
eminently successful, as the two parties covered an area of about 10,400

square miles, completing all the parts of California and Nevada assigned.
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to them and extending the work over a considerable area in Southern -
Oregon. The parties were disbanded early in November and returned
to Washington, where the triangulation was reduced and the topo-
graphic work plotted during the winter.

Early in May of the present year the parties of MLSSI'b Kerr and
Ricksecker were again ordered to the field, principally for the purpose
of extending the triangulation in advauce during the prevalence of
clear weather. Reports received from these parties announce the occu-
pation of nine stations, which will serve to control the topography over
most of the present season’s work.

YELLOWSTONE SECTION.

For the completion of the map of the Yellowstone National Park,
including the extension of the surveyed area southward to latitude 449,
Mr. J. H. Renshawe, geographer, and Messrs. Frank Tweedy and S. A.
Aplin, assistant topographers, were ordered to the field on May 22, 1885.
" Mr. Renshawe’s instructions contemplated the organization of three
parties for topographic work nnder the three gentlemen named. On
the 1st of July Mr. W. H. Leffingwell, topographer, was ordered to
the park for the purpose of reinforcing Mr. Aplin’s party. Under
this organization work was prosecuted rapidly, and the entire area
assigned to the parties was completed during the month of September.
The total area thus turned in is estimated at 3,600 square miles.

Upon the disbandment of these parties Mr. Leffingwell was ordered
to proceed to Denver, Colo., and complete the survey of the Hogbacks,
upon the east front of the mountains in Central Colorado, a work upon
which he was engaged during the fall and part of the winter. He re-
turned to Washington in March, and during the spring has been en-
gaged in aiding in the preparation of the Yellowstone Park sheets. ‘

DETERMINATION OF ALBUQUERQUE, N. MEX.

As accessory to the prosecution of geographic work in Arizona and
New Mexico, it became necessary to determine the astronomical posi-
tion of Albuquerque, N. Mex. For this purpose Mr. R. 8. Woodward,
astronomer, was detailed, with Mr. B. C. Washington, jr., as assistant.
For the purposes of this determination, astronomic connection was had
with the Washington Observatory, at Saint Louis, Mo., where the ob-
servations were taken by Prof. II. S. Pritchett. Seven telegraphic
exchanges were made for time, with & mean result, uncorrected for per-
sonal equation, of 1 5’ 47.34//. TFor latitude, observations were made
on ten nights; thirty-two independent pairs of stars were observed
and one hnndred and three results obtained. The weighted mean lati-
tude is 35° 4/ 32,40/ 4-.09””. The pier from which the observations were
made in Albugquerque is the property of the Atlantic and Pacific Rail-
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way Company, and is about 100 feet south of their general office build-
ing. This point was connected with several pnblic buildings and with
a land survey section corner.

SECTION OF TOPOGRAPHIC DRAWING.

During the year, from five to seven draughtsmen, under the direc-
tion of Mr. Harry King, chief draughtsman, have been in the employ
of the office, and have been kept constantly occnpied, mainly upon
small pieces of work of a miscellaneous character. The large map of
the United States, upon a scale of 16 miles to an inch, which has been
in process of completion for the past threc years, has been completed
in respeet to drainage and culture.

The compilation from original sources of the map of the State of New
York, for the purpose of representing the geological results compiled
by the State surveys, was commenced upon- & scale of 1: 300,000 and
is now in a fair state of progress.

Besides these two pieces of work, the time of the draughtsmen was
largely taken up in the preparation of copies of the original map sheets
of Massachnsetts for deposit with the State authorities and with the
preparation of drawings and maps for illustrative purposes. The list
of the Jatter is too long to admit of recapitulation here,

SECTION OF INSTRUMENTS.

During the year the work of adjnstment and repair of instruments,
and to a certain extent the manufacture of new instronments, has been
carried on by Mr. Edward Kiibel, the mechanician, with two, and dur-
ing the spring three assistants. I am happy to be able to say that the
employment of Mr. Kiibel at a salary relieved the office from many of
the difficulties and a large share of the expense attendant upon the
repairs to the great nnmber of minor instruments required.

ENGRAVING.

In my last report T noted the fact that contracts had been made by
the Public Printer with Messrs. Julius Bien & Co., of New York City,
-for the engraving upon copper of one bhundred sheets of the General
Atlas of the United States. At that time seventeen sheets had been
transmitted to Messrs. Bien & Co., and the engraving of thém was in
progress. Up to the present date the manuscript of seventy-six sheets
has been furnished to the engraver, and of these fifty-seven have been
engraved, comprising about 125,000 square miles. The completed cop-
per plates of fifty-five sheets are now in our hands, and a small edition
(250 copies) has been printed of forty-nine of these sheets for the use
of the office.
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The following is a list of the sheets thus far engraved :

List of atlas sheets engraved during the fiscal year ending June 30, 1886,

Stato or Territory.| Name of sheet. D“‘gs‘;gt(jg? of Area covored. Scale. gggg’g:{
Latitude. | Longitude Feet.
Tennesseo ..-...-. | Roan Mountain...| 360 00/ | 82° (¢ | Quarter degree ...| 1: 125000 100
Greencville . ..., 36 00 82 30 do -l 1: 123000 160
Morristown....... 36 00 83 06 [....dO0 .eemn.mon.. 1: 125000 100
Maynardville. ... 36 00 83 30 . .dp ............. 1: 125000 100
Alabama........... Stevenson -....... 3¢ 20 | 8 30 B S 1: 125000 100
Fort Payne ....... 3¢ 00~ | 8 30 -do .ol 1: 125000 100
Missouri.......-... Bolivar ........... 37 30 93 00 Y+ U Y 1: 125000 50
Springficld ... 37 00 | 93 00 [....do............. 1: 125000 50
Stockton ......... 37 30. 93 30 ~do......... 1: 125000 50
Greenfield ....... 37 00 93 30 odo .. 1: 125000 50
Nevada...ooo...... 37 30 94 00 odo Ll 1:125¢00 50
Carthage .. ....| 37 00 94 00 [-...do..........-.. 1: 125000 50
Missouri-Kansas...| Fort Scott ...... 37 30 94 30 sdo.olLl 1: 125000 50
Joplin ............ 37 00 91 30 cdo el 1; 125000 50
Kansas ...ccooaeco{ TolR. cunenine. ... 37 30 9 Q0 odo ool 1 ¢ 125000 50
PATSONS - vvonen... 37 00 | 95 00 |...@o.... ....... | 1:125000 50
Fredonia ........| 37 30 95 80 |....do..c....o-.. 1 : 125000 50
Independence ....| 37 00 95 30 |[.--.do..........-.. 1: 125000 50
Texas ............. Bastrop........... 30 00 | 97 00 |.-..d0 .iceeio.al.. 1: 125000 50
Austin ........... 30 00 97 20 cedo ool 1: 125000 50
New Mexico....... Mount Taylor ... | 85 00 | 107 00 | Full degree....... 1: 2350000 200
Wingate.......... 35 00 108 00 do L 1 : 250000 200
Arizona ........... Fort Defiance. .... 35 00 109 00 Y i (P, 1: 250000 200
Tusayan....... ...] 85 00 [ 110 0O B U -..| 1: 250000 200
San Franeisco ... | 85 00 | 111 00 |- do.oeeeeeomnen. 11 250000 2350
Chino............. 35 00 | 112 00 Ldo 1: 250000 250
Diamond Creek...| 35 00 [ 113 00 ) U S - 1 : 250000 250
Cafion de Chelly ..{ 36 00 | 109 00 B £ 1 : 250000 200
Marsh Pass....... 36 00 | 110 00 Ao e 1 : 250000 200
Echo Cliffs .._... 36 00 111 Qo0 RN« U1 RN 1: 250000 250
Kaibaby coooae. .. 36 00 | 112 00 ) 1) S, 1: 250000 250
Mount Trumbull .{ 36 00 | 113 Q0 do 1: 250000 250
Arizona-Nevada...| Camp Mojave .. | 35 00 {114 00 | .. doeceueennnene 1 :°250000 250
Saint Thomas. ... | 36 00 | 114 00 cdlo ool aalt, 1 : 250000 250
Utah ... AshIoy ooeeol. .. 40 00 | 109 00 |....do......_..... 1: 250000 250
Uinta. ._oeooao.. 40 00 110 00 Y Vo S 1: 230000 250
Salt Lake.........] 40 00 111 00 sdo .o eeae 1 : 250000 250
Tooele Valley.....] 40 00 | 112 00 | .. do.eeaunoonnn.. 1: 250000 250
East Tavaputs....| 89 00 [109 00 | .. dO .cuvuenonon- 1: 250000 250
Price River ...... 39° 00 110 00 R [+ TR 1 : 250000 250
Manti cooeen ooann. 39 00 111 00 U 1 S 1 : 250000 250
Sevier Desert..... 39 007|112 00 |..-.dO.euenrcaman- 1 : 250000 250
LaSal ............ 38 00 109 00 R« [+ T, 1 : 250000 250
San Rafael........ 38 00 | 110 00 YL I S 1: 250000 250
Fish Lake ...._... 38 00 111 00 | -.doceeeaano.. 1 : 250000 250
Beaver ...........|] 38 00 112 00 cdo el 1 : 250000 250
Abajo .. ... ... 37 €0 109 00 RS« (s S 1: 250000 215.0
Henry Mountain .| 37 00 | 110 00 | --.do............ 1: 250000 250
Escalante ........ 37 00 | 111 Q0 BT () SN 1 : 230000 250
Kanab ............ 37 00 112 00 . do...... P, 1 : 250000 250
Saint George . .... 37 00 [ 113 00 |....d0.eeucnoianen. 1 : 250000 250
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List of atlas sheels engraved during the fiscal year ending June 30, 1886 — Continued.

_State or Territory.| Name of sheet. Desigﬁgié.on of Artea covered. Scale. i%g::ggf:
Latitude. |Longitude, Feet.

Nevada. .oo....... Pioche............ _ 870 00/ | 1140 00’ | Full degree . ......| 1: 250000 200
Long Valley ...... 41 00 [ 119 00 | .. O .-eenniua-n. 15 250000 200
Californja....,.....| Modoc Lava Bed..{ 41 00 |121 00 |... d0-cveeun,un-n- 1: 250000 200
Montana........... Great Falls .._.._.. 47 00 | il 00 |..-.do .ivenoi..--n. 1 : 250000 200
Fort Logan . ...... 46 00 | 111 00 [..-.dO .cmiierimnmecnn i: 250000 200

Little Belt Mount-
F:13 1 J 46 00 [ 110 00 [..-.dO .eccvenecure-. 1: 250000 200
A further cont.act the engraving of twenty sheets has recently

been made.
Very respectfully
‘ HENRY GANNETT,
Geologist in Charge of Geography.
Hon. J. W. POWELL,
Director U. 8. Geological Survey, Washington, D. C.

REPORT OF PROF. RAPHAEL PUMPELLY.

DEPARTMENT OF THE INTERIOR,
U. S. GEOLOGICAL SURVEY,
DI1vISION OF ARCHEAN GEOLOGY,
Newburgh, N. Y., July 1, 1886.

S1R : During the past year the permanent personnel of my division
was as follows: Mr. Bayard T. Putnam, assistant geologist; Mr. John
Eliot Wolff, assistant geologist; and Mr. A. O’D. Taylor, clerk and dis-
bursing officer. In addition to these gentlemen Prof. W. M. Davis and
Mr. T. Nelson Dale were employed temporarily in the field.

The season of 1885 was oceupied in studying the structure of the
Green Mountains, which undoubtedly contains the key to the geology
of New England. There is in the whole range of American geology no
more unsettled or more iutricate and difficult problem. The experience
gained already in our field work shows that the unraveling of this
structure can be accomplished ouly step by step, by working from con-
tact to contact, by correctly mapping all observations, and by taking
nothing for granted. In this way in 1885 we worked out fully the
structure of a long and important stretch of the Hoosac Mountain in
Massachusetts and Vermont, and also made much progress on that of
the Graylock mass. A large collection of working specimens was
formed. Mr. Wolff has studied these lithologically, and during the
winter his results and those of the field work have been correlated and
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plotted on a scale of 5 inches to 1 mile. 1 hope that the end of the com-
ing season will see us in possession of the solution of this great geolog-
ical problem.

- Mr. Davis made a study of the Triassic trap ranges of Massachusetts
and Connecticut, the results of which appear as a contribution to your
annual report. , '

All of the time that could be spared from the study and mapping of
last season’s work was given by Mr. Putnam and myself to editing and
correcting the proof of the large volume of ¢Mineral Industries” for
the Tenth Census.

I have the honor to be, sir, your obedient servant,
‘ RAPHAEL PUMPELLY,
Geologist in Charge.
Hon. J. W. POWELL,
Director U. 8. Geological Survey, Washington, D. C.

REPORT OF MR. N, S. SHALER,

DEPARTMENT OF THE INTERIOR,
U. S. GEOLOGICAL SURVEY,
ATLANTIC COAST DIVISION OF GEOLOGY,
Cambridge, Mass., July 1, 1886.

Sir: I have the honor to submit the following report of the work
done in the division under my charge for the year ending June 30, 1886.

On the 1st of July, 1885, 1 began field work on the island of Nantucket.
On the 1st of August I had finished the work of mapping the glacial
drift and other deposits of that island as far as it could be done without
making certain comparisons with the neighboring districts on the main-
land and adjacent islands. My report on this island, with the accom-
panying geological map,is nearly ready for publication, and will be
submitted to you before the 1st of September of this year. 1t will show
the following points, viz: first, that the front of the ice during the last
glacial period remained for some time over this district; second, that
after the disappearance of the ice this region was very suddenly elevated
above the level of the sea, after having been depressed below its level
during the continuance of the glacial conditions; third, that sinee its
elevation the land has undergone a considerable depression, amount-
ing probably to 20 feet or more.

The only economic resource of importance diseovered on the island is
a bed of clay, appearing at various points on the north shore near the
village of Nantucket, which will doubtless be found suitable for certain
uses in the potter’s art.

In the first days of August I resumed some long interrupted work on
theisland of Martha’s Vineyard, which was begun in 1871, at the request
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of Prof. Benjamin Peirce, but abandoned when he ceased to be the Su-
perintendent of the Coast Survey. This work has been carried to the
point where it can be published, and the memoir has been transmitted
toyou. The principal points which have been determined by this inquiry
relate to the general history of the Tertiary strata in that distriet. It
appears that these beds belong to a great delta deposit accumulated
during the middle and later stages of the Tertiary age; they have been
subjected to a considerable amount of dislocation by the action of
mountain building forces; they thus indicate the action of these forces
at a much later date than any for which they have been observed else-
where on the eastern shore of this continent.

It appearing desirable fo continue the study of the recent changes of
level of the shore line on the coast of Maine (since that district might
afford a chance of obtaining evidence as to the character of the move-
ments by which the land recovered its position after the deep depression
which the glacial period bronght about), and the island of Mount De-
sert being peculiarly well suited for thisresearch, it waschosen in August
as the ficld of this investigation. It is a favorable place for this inquiry,
for the reason that its hills rise to the height of over 1,500 feet above
the sea and present steep faces inclined towards. the open ocean. I
hoped to find on these rock faces evidence sufficient to show whether
or not the sea had acted upon them since the glacial period. The re-
sults of the inquiry were exceedingly satisfactory, as will be shown in
the report on Mount Desert, which will be finished during the coming
season. This report will sufficiently show that the surface of the island,
at the time of the disappearance of the glacial sheet, was depressed to
the depth of 1,000 feet or more below the surface of the sea, and that
it emerged by a succession of sudden uplifts, each followed by a period
when the sea was for a time in a stable position. As this research
necessitated a very careful examination of the whole island, it was
thought best to undertake the task of geologically mapping this area;
the report will therefore show the structural geology of the district as
well as the points which bear on its changes of level and the action of
the glacial sheet upon its surface. ~

Among the interesting results of this inquiry into the geological
structure of the island is the fact that, on its southern border, exposed
not only on the main island, but also on Great and Little Cranberry
Islands, which lie just south of Mt. Desert, we have an extensive series
of volcanic ash beds, which were clearly formed in a subaérial position.
These fragmental deposits have been found in the course of my work
at several points along the shore between Eastport and Cape Cod. It
appears likely that there is a fringe of these fragmental beds along the
coast line between the several points where they have been observed,
and that, being relatively soft beds, they have served by their erosion
to determine in a measure the position of the shore line along this part
of the coast. This problem will hereafter be made the matter of a
special investigation.
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Work on the island of Mount Desert was discontinued on the 20th
of September. From that time until the close of the field season I wasg
occupied in the study of the glaciai phenomena in Rhode Island and
Southern Massachusetts. This work has resulted in the completion of
a map and relief models of a region of kame and terrace driftin the val-
ley of the Taunton River and in the partial preparation of a map and
report on the bowlder train from Iron Hill, in Cumberland, R. I., to the
island of Martha’s Vineyard., The last named inquiry hasg led to results
which throw much light on the processes connected with the carriage of
glacial drift. It appears by this examination that a bowlder train origi-
nating in a hill, having a diameter transverse to the motion of the ice of
less than 1,000 feet, steadily widens from the point of origin until at a
distance of 15 miles from that point it is not less than 18,000 teet in
width. This bowlder train has been traced to the western end of
Martha’s Vineyard, a distance of about fifty miles from its source. By
computing the amount of material contained in this train it seems pos-
sible to arrive at some conclusions concerning the amount of wear
brought about by the action of the ice on a surface of hard rock during
the glacial period, as will be fully shown in the forthcoming report.

On the 1st of January you deemed it best to add to the work of my
department that which is to be done upon the geological and phys-
ical conditions of the inundated lands of the United States. My expe-
rience in the study of the coast line of this continent has shown that
the greater part of our American swamps owe their origin to recent
changes of the coast line and that most of them are immediately contig-
uous to the sea and will have to be studied in counectlon with the coast
geology.

From the 1st of Jannary I was in the main employed in organizing
the inquiries which it is necessary to make in this department. I made
a reconnaissance of the Dismal Swamp district of Virginia and stndied
the fresh water marshes of Nastern Massachusetts. 1 also, through
the work of one of my private assistants, made some inquiries as to the
strueture of the swamp of New Jersey.

By the aid of my valued assistant, Mr. R. A. F. Penrose, I was able
to make some advance towards the solution of an important problem in
the geological history of marshes, a matter which has occupied my atten-
tion for several years. It concerns the origin of the nodular and other
. phosphates which are found in several parts of the Southern States, as
well as i1 foreign countries. It appears from these preliminaryinquiries
that the superficial deposits of lime phosphate are accumulated beneath
marshes, and that their formation is in some way connected with the
physical and chemical conditions of those areas. The well known phos-
phatic character of iron ore deposits formed in swamps, as well as the
considerable amount of lime phosphate found in the earths deposited
beneath swamps, has an important bearing on this problem.
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It seems likely that the dissolved lime phosphate brought into the
swamp from the surrounding lands, in part at least, is taken from the
water by the crustaceans which inhabit it, and that at their death it is
brought into the mud in a state favorable to the formation of concre-
tions. Mr. Penrose’s researches ave the result of two years of diligent
and arduous labor prosecuted under my direction. As a result of this
labor, he has prepared a valuable memoir on geological manures, with
special reference to the deposits which are used in this country. This
work is indeed the first synoptic treatise on the problem. When I be-
came an officer of the Survey I asked your leave to study the problemn
of mineral manures as they oceur in this country, a matter in which I
have long been interested. Therefore, althongh Mr. Penrose himself
defrayed the considerable cost of his inquiries, it seems to me that as
it has been done in aceordance with my plan of operation and under my
supervision, it should be offered to you for publication by the Survey.
On this account it is sent in as a part of the work of my division,

Besides the above mentioned assistance of Mr. Penrose, I received
valuable, though uncompensated aid from five other special students,
who worked under my instruction in preparing the details of my several
reports. Their assistance will be properly acknowledged in the sev-
eral reports. }

Although no part of the work done upon the marsh distriet of the
United States is as yet ready for publication, my inquiries have shown
that the inundated lands of this country afford a most important field
for research. The area of lands in this country, excluding Alaska,
which is rendered uufit for agriculture by a more or less permanent
inundation probably amouunts to nearly 100,000 square miles. Byfar the
larger part of the swamps have a character which, as European expe-
rience shows, makes it easy to win them to agricultural use. Much of
the best lands of Northern Europe and of England was, three centuries
ago, in the condition of our American swamps. In this country lands
of this class have been passed by, because hitherto there was so much
good upland awaiting the tiller, Now that the fertile lands have been
mostly occupied, we shall have to consider these vast reserves whence
we are to win a great tillable area. The aim of the inquiry which I am
seeking to make will be to ascertain the area and character of soil of
each tract of inundated land which apparently affords conditions that
make reclamation possible. As far as may be necessary the European
areas will be compared, both as regards their nature and the means of
improvement, with similar areas in this country and elsewhere which
have becn successfully treated.

The probable value of this inquiry may be judged from the fact, made
plain by my examinations of the district, that the swamps bordering on
Albemarle and Pamlico Sounds, containing an area of at least 3,800
square miles, are in the main reclaimable by a simple and inexpensive
" system of drainage; many detached portions of this area have been so
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won to agriculture even by a rude and, ill planned system of drainage
ditches. The soil of these reclaimed swamps, as has been proved by
long experience, is extremely fertile and enduring to tillage.

A condensed account of the more important part of the scientific re-
sults of my work in the district about Cobscook Bay, Maine, has, with
your permission, been published in the American Journal of Science
for July, 1886. :

Very respectfully, your obedient servant,
N. 8. SHALER,

Geologist in Charge.
Hon. J. W. POWELL,

Director U. S. Geological Survey, Washington, D. C.

REPORT OF MR. G. K, GILBERT.

DEPARTMENT OF THE INTERIOR,
U. S. GEOLOGICAL SURVEY,
APPALACHIAN DI1VISION OF GEOLOGY,
Washington, D. C., July 1, 1886.

Sir: I have the honor to submit the following report of work in my
division during the fiscal year ending June 30, 1886:

The scope of the work assigned by you to the division is the determi-
nation of the general geology of the Appalachian disiriet, with the
exception of the Archean rocks, Several States whose geology has
beei extensively studied are included in the district and many of the
features of its geologic structure have been determined by earlier work.
It has hence been possible to plan the work of the division in a more
specific manner than could have been done in a virgin country. The
‘work consists primarily of three parts: First, the investigation of the
stratigraphy and structure of the belt of folded Paleozoic rocks lying
immediately west of the Archean belt; second, the study of the Trias-
sic formation, which lies in detached bodies resting for the most part
on the Archean; and third, the study of the Tertiary and Quaternary
history of the district, a history to be dednced partly from the level-
lying deposits that fringe the Atlantic and Gulf coasts and partly from
the evidence of elevation and subsidence existing in the topography of
the entire district.

The study of the later changes I have reserved for myself, and dur-
ing the summer of 1885 I spent six weeks in the investigation of a sys-
tem of shore traces marking the former extent of Lake Ontario and
incidentally furnishing evidence as to the differential changes in alti-
tude occurring in that region in post-glacial time. Later in the season
I joined Protessor Chamberlin in West Virginia, and with him con-
tinued the same line of investigation by studying the terrace system of
the Monongahela, Alleghany, and Ohio Rivers. I also made three ex-

7T GEOL—5
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cursions in the Appalachian Mountains of Maryland, West Virginia,
Virginia, Tennessee, and Alabama for the purpose of supervising and
directing the work of my assistants.

The study of the Triassic formation was assigned to Mr. 1. (. Rus-
sell, and he continued during the first part of the fiscal year the work
begun by him in the spring of 1885. His field work continued from
July 9 to October 24, and consisted of a reconnaissance of the various.
Triassic areas in North Carolina and Southern Virginia. At the close
of the field season he had begun a preliminary examination of the
greater Triassic area which extends from Northern Virginia northward
into other States. It was found that this work could not be properly
prosecuted without better maps than now exist; and, as it would not be
economic to survey the isolated Triassic areas before they are reached
in the general progress of the topographic work, it was decided to dis-
continue this investigation for the preseut and assign Mr. Russell other
work. He prepared during the winter a preliminary paper on the T'ri-
assic area, which iucludes the Richmond coal field.

The belt of country in which the Paleozoic rocks are folded and other
wise displaced extends from Central Alabama northeastward to New
England and constitutes approximately the Appalachian Mountains.
The portion lying south of Pennsylvania and included in the States of
Maryland, West Virginia, Virginia, Kentucky, Tepnessee, North Caro-
lina, Georgia, and Alabama is being surveyed by the Division of Geog-
raphy and the mapping has reached such a stage that the work in gen-
eral geology can be advantageously prosecuted. The portion of the belt
in Pennsylvania has just received extensive study at the hands of the
State survey and is therefore not included in our plan of operations, and
the country traversed by the belt beyond Pepnsylvania has not yet been
topographically mapped. The work of my division has therefore been
planned to develop the structure of the Appalachian Mountams in the
States just enumerated southwest of Pennsylvania.

1t is proposed to survey and measure with great care four sections.
crossing the belt at right angles. As the rocks to be studied are much
disturbed, being in many places faulted and elsewhere crushed, a sim-
ple linear section does not afford sufficient gunaranty of accuracy, and
it has been decided to substitute for it the complete structural survey
of a strip of country 20 miles broad. Four lines have been selected for
such work: The most northerly lies within the basin of the Potomac,
in Maryland and the Virginias; the next includes portious of the val-
leys of the Greenbrier and New Rivers, in West Virginia and Virginia ;.
the third lies in ISastern Tennessee, crossing the Holston River and in-
cluding a portion of the French Broad ; the fourth, in Alabama, crosses
the Coosa Valley in latitude 34°, and is to be surveyed in co-operation
with the State geologists. When these sections have been finished and
subjected to comparative study, it is believed that the structure of the
intervening tracts of the belt can be unraveled with comparative ease.
and rapidity.
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Mr. H. R. Geiger was assigned the Potomaec section and has been
engaged upon it during the fiscal year. He left the field early in Novem-
ber, spent the winter in office work arising in conneetion with his field -
notes, and resunmed field operations early in May of this year. He began
his survey in Western Maryland and is-carrying the work progressively
eastward.

‘Work has not yet been begun upon the Greenbrier section. The
French Broad section was assigned to Mr, Bailey Willis. His field work
began, in the spring of 1835, at the eastern edge of the Cumberland
Platean and was carried southeastward. It ceased on the 12th of
October and was resumed early in May, the intervening time being de-
voted to the reduction of field notes. Mr. Ira Sayles, who had been
previously engaged on the general geology of an adjacent district, con-
tinned field work nntil October, since which time he has devoted him-
self to the elaboration of his notes and the preparation of a report.

The Alabama section was assigned to Mr. Russell after the discon-
tinnance of the investigation of the Trias, and he started for his field
of operations in the latter part of April. His animals and camp equi-
page had been left the preceding autumnin Northern Virginia, andit was
decided that he should travel with them to Alabama, continning en
route a research he had initiated the preceding summer in regard to
the decay of rocksand its relation to elimate. He reached his district
in Alabama at the end of the fiscal year.

It was arranged that Prof. I. C. White, of the University of West Vir-
ginia, who had made an investigation nnder the auspices of the Survey
of the stratigraphy of the Coal Measuresin the valley of the Great Kana-
wha River, should incorporate the results of this investigation with
material previously gathered by him in other parts of West Virginia
and with portions of the published geology of Western Pennsylvania
and Eastern Ohio, so as to present a comprehensive view of the sedi-
mentary stracture of that part of the Appalachian bituminous coal field
contained in the three States. Certain discrepancies among the conclu-
" sions reached by the geologists who had studied different portions of
this area made it necessary for him to visit several localities in each of
the States, and he continued this work of review in the field from early
in July until the first week in October. In Ohio he secured the co-op-
eration of Prof. Edward Orton, the State geologist, who accompanied
him in the re-examination of several important sections. In undertak-
ing subsequently to arrange the material for publication, Professor
White became satisfied that further field work was necessary, and the
final preparation of the report has been postponed at his request until
his data are complemented by additional observations.

The Appalachian district has been under observation for so long a
> period that the literature of its geology is copious and imposes great
labor upon every new author who is unwilling to pass by the work of
his predecessors without acknowledgment. If the literature were in-
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dexed this labor would be materially abridged, and to this end I have
undertaken to have exceuted what may be called a subject bibliography
of the geology of the Appalachian district. A certain amount of ex-

perimental work was done by myself and by the permanent employés
of my division, and the matter was finally placed in the hands of Mr. Nel-

son H. Darton, who has devoted five months to its prosecution. About

650 volumes have been treated, including the official literature of all

the Appalachian States, and the work has produced nearly 6,000 Liblio-

graphic cards, each one referring to the pages in a specified volume on

which a particular subject is treated.

In my last report an account was given of the condition of the vari-
ous memoirs resulting from the investigation of the Quaternary history
of the Great Basin. Although much labor has been devoted to these
by Mr. Russell. and myself, our progress cannot be indicated without
geoing into details that would here be out of place. The report on Lake
Bonneville is still incomplete, that on Lake Lahontau is still in press,
and that on the Mono Basin awaits the preparation of a general map
of the district.

Mr. E. H. Andrews, who had previously acted as Mr. Geiger’s assist-
ant, continued in that capacity until Janvary 1, when he resigned; Mr.
- F. W. Geiger was afterwards engaged for the field season and reported
for duty early in May. Mr. Willis has been accompanied this summer
by Mr. William P. Trowbridge, jr., as volunteer assistant. A clerk
was employed for four months to assist in the bibliographic work. Dur-
ing thefield season Mr. Russcll and Mr. Willis, subsisting on rations, have
each given continuous employment to a cook and a teamster. Mr.
Sayles employed a field assistant for four months and I had one for six
weeks, )

I remain, with great respect, your obedient servant,
G. K. GILBERT,

. Geologist in Charge.
Hon. J. W. POWELL,

Director U, 8. Geological Survey, Washington, D. C.

REPORT OF PROF. R, D. IRVING.

DEPARITMENT OF THE INTERIOR,
U. S, GEOLOGICAL SURVEY,
LAKE SUPERIOR DIVISION OF GEOLOGY,
Madison, Wis., July 1, 1886,

SIr: I have the honor to submit the following report of the opera-
tions of the division of the Survey under my charge for the year ending
June 30, 1886. The work of this division is a general investigation of
those enormously thick and difficult formations which in the North-
western States nnderlie the basal fossiliferous or Potsdam sandstoue of
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the Mississippi Valley. The plan of operation under which m'y division
works is set out at length in the Fifth Annual Report of the Survey
(for the fiscal year 1883-84), pp.-24-28 and 175-242,

FIELD WORK.

Besides my own work in the field during the year independent par-
ties have been led by Assistant Geologists W. N. Merriam, C. R. Van
Hise, and G. H. Williams; in addifion to which some brief studies, sup-
plementary to the work done by him in previous years, were made in
the field by Assistant Geologist C. W, Hall.

Mr. Merriam’s party—Mr, Merriam’s field work for the season of 1885
lay entirely in the region of Northeastern and Northern Minnesota,
where he spent the months of July, Angust, September, and October.
During a portion of the time he was ocenpied in a repetition of the work
of the previous year; his specimens and, in large measure, his notes
also, having been destroyed by fire shortly after his return from the
field in the fall of 1884; but he succeeded also in cxtending his obser-
vations over a very large amount of new territory. The total distance
traveled by him in canoes during the four months named was over 1,000
miles, not counting the minor irregularities of his routes. "The number
of surveyed townships traversed was about eighty, besides which a
large amount of unsurveyed country was crossed. The number of spec-
imens collected was about eight hundred and fifty, most of which repre-
sent each a distinct rock exposure.

- In accordance with my instructions, Mr.-Merriam left Madison July
10 for Tower, Minn., via Saint Paul, Minn. At the latter place he
was joined by Mr. H. B. Smith, who acted thronghout the season as his
field assistant. A stop of a day was made at Saint Paul in order to
trace at the office of the United States surveyor-general at that place
- a number of plats of newly surveyed townships of Northern Minnesota
needed in the snmmer’s work. Teaving Saint Paul on the 12th, Mr. Mer-
riam proceeded directly to Tower, stopping at Duluth only long enough -
to purchase provisions for the season. Having secured the necessary
packers, canoemen, and canoes, the time until the 27th of July was oc-
cupied in a detailed examination of the shores of Vermilion Lake, this
work being, in the main, a repetition of that of the previous year. At
this time I joined the party, when we at once left Vermilion Lake, and
proceeding thence eastward through Mud River, Mud Lake, Burntside
Lake, Burntside River, Long Lake, Falls Lake, Farm Lake, and Mishi-
wishiwi River, reached the western part of township 63, range 9 west
of the Fourth Prineipal Meridian; thence, returning west for three
miles, the party pursued a northerly and northeasterly route through a -
series of unnamed lakes and through Jasper Lake to Moose Lake, in
township 64, range 9 west. From Moose Lake the route lay west and
northwest through Wind Lake to Basswood Lake on the national bound-
ary line; thenee through Basswood Lake in a circuitous course to the
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eastern end of Falls Lake, and thence through the same series of lakes
as before named, but in reverse order, to Tower, which was reached
August 16,

Dauring this trip the rock exposures on the shores and in the vicinity
of these lakes were examined closely, part of the ground having been
covered by Mr, Merriam during the previous year. The next day Mr.
Merriam with his party left Tower for a thirty days’ trip to the east-
ward through a region of country much of which was entirely virgin
ground. His course lay at first in a sontheasterly direction from the
southeastern corner of Vermilion Lake through Gull, Eagle Nest, Bear
Island, and Birch Lakes to Metawanga River, in township 60, range
12 west, in whieh vicinity a trip of two days was made away from
the eanoe route in order to study the relation of the Animiké forma-
tion and granite north of it to the great gabbro formation, all of which
here present exposures in close proximity to one another. ¥rom Birch
Lake the eonrse lay northeasterly through one of the several arms of
the singnlar lacnstrine stream known to the Chippewas of this region
as the Mishiwishiwi (or Big Beaver Hounse) River, to the northern part
of township 63, range 10 west. Thence turning into.the main portion
of this river, the conrse was southeastward and eastward as far as Reef
Lake, at the northeastern corner of township 60, range 6 west. Return-
ing thence to the northern part of township 62, range 10 west, the route
lay next in a northerly and northeasterly direction through Moose to
Snowbank Lake, and thence through Mountain and Carp Lakes to
Knife Lake, on the national boundary line. From Knife Lake a south-
erly conrse was followed throngh several small lakes into Kekékabik
Lake from which Ogishkemanissi, Kabimitchikamak, and Sea Gull
Lakes were reached, in which vicinity connection was made with the
previons work of Mr. W, M, Chaunvenet. ,

From Ogishkemanissi Lake the retarn trip west to Vermilion Lake
was made by way of Knife, Carp, Basswood, Falls, Long, Burntside,
and Mud Lakes, the village of Tower, on the south side of Vermilion
Lake, being reached Scptember 17. From the 17th to the 24th the
party, dividing, was occapled in making a series of detailed sections of
the iron formation in the vicinity of Tower and along the line of the
Dnluth and Iron Range Railway. On the 24th a fresh start was made
from Vermilion Lake for the Lake of the Woods. The ronte now lay
first nortbward from Vermilion Lake through Tront Lake, Lioon River,
and Loon Lake, on the national boundary line ; thence eastward throngh
Lac la Croix and Iron Lake to Crooked Lake, which had been reached
from the eastward by Mr. Merriam’s party doring the previous season.

. Turning westward again from Crooked IL.ake, the boundary chain of
lakes, namely, Iron Lake, Lac la Oroix, Loon Lake, Sandpoint Lake,
Nameokan Lake, and Rainy Lake, was followed to Fort Francis, at the
foot of Rainy Lake.. Thence the course lay through Rainy River 80
miles to the Lake of the Woods, throngh which the course was north-
ward to Rat Portage, on the Canadian Pacific Railroad, at the foot of the
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lake, which was reached on the 20th of October. It being now too late
in the season to attempt to return by the same route, the party, in ac-
cordance with my instructions, returned via the Canadian Pacific Rail-
way to the Kaministiquia River, thence down that river in the canoes
to its mouth at Thunder Bay. The party disbanding, the packers re-
turned to Grand Marais on the Minnesota coast, Messrs. Merriam and
Smith returning via Duluth to Madison, which was reached October 29.
During this extended trip Mr. Merriam succeeded in gathering an im-
mense amount of new material and in traversing a great deal of ground
not previously examined by any geologist even in the most cursory
manner.

Between May 19 and June 11 Mr. Merriam was occupied in photo-
graphing a number of important exposures in Northern Wisconsin and
Michigan, with especial reference to the preparation of illustrations for
a paper in this report on the classification of the early Cambrian and
pre-Cambrian formations.

Professor Van Hise's party.—My last annual report left Professor Vau

. Hise in the field in the Penokee-Gogebic region of Northern Wisconsin
and Michigan, it having been determined, as explained in that report,
to attempt—in addition to the work previously done in this region by
himself during the seasou of 1834 and by the members of the Wiscon-
sin Geological Survey between 1873 and 1877— a general revision of the
whole iron-bearing belt between Lake Numakagon in Wisconsin and
Lake Gogebic in Michigan. Professor Van Hise, accompanied by three
packers, was continuously occupied in this work from June 24 until
September 5, at which time the party disbanded at Ashland, Wis.
Professor Van Hise returned at once to Madison, having succeeded. in
visiting all of the important exposures of the iron-bearing formation and
of the underlying gpeissic group within three miles of the iron-bearing
belt, in reviewing all of the Wisconsin work, and in obtaining a large
amount of new material (the number of specimens gathered being seven
hundred) to be used in preparing an account of the lithology of the
region. Professor Van Hise’s work was of a detailed character, every

. -exposure having been carefully located with reference to the section
lines. All of his traveling was of necessity on foot, the region being
forest-clad, without roads, and impenetrable otherwise than on foot.

Professor Williams’s party—Dr. George H. Williams, of the Johns
Hopkins University, having been appointed an assistant geologist and
assigned to this division, was instructed by me to devote his field sea-
son to a detatled examination, preparatory to an exhaustive microscopic
study, of two small areas, namely, the belts of greenish schist on the
Menominee River, in the vicinity of Quinnesec, in Michigan, and Pigeon
Point and its vieinity at the eastern extremity of the Minnesota coast

-of Lake Superior. The first of these areas was selected as showing on

a large scale certain schists which may be taken as typical of a class of
rocks very widely distributed on both sides of Lake Superior. Any well

.established conclusions obtained with regard to the Quinnesec rocks
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may, with entire safety, be extended to the corresponding rocks in other
portions of the Lake Superior region. The Pigeon Point locality was
selected as displaying on a grand scale a singular eomplex of sedi-
mentary and eruptive rocks, such as obtains at numerous points in the
wilderness of Northern Minnesota, in the vicinity of the junction of the:
Keweenaw and Animiké formations, but is nowhere else so favorably
situated for study.

In accordance with my umtructlons, Dr. Williams, with Mr. W. S.
Bayley, of Baltimore, as volunteer assistant, on the Ist of July left
Chicago for Quinnesec, where his headquarters were kept until the 19th
of that month, at which time, accompanied by Mr. Bayley, he left for
Pigeon Point, via Duluth, Minn., where a camping outfit and supplies
wereobtained. Having provided himself also with a boat and with two
Indian packers at Grand Marais, Dr. Williams established his camp on
Pigeou Point, where he was occupied until August 25, at which date he
returned, via Duluth and Chicago, to his home in Utiea, N. Y. Itshonld
be said that, in his studies of the Quinnesec and Pigeon Point rocks,
Dr. Williams has bad the advantage, for the former place, of the de-
tailed maps published by T. B, Brooks in the third volume of the Geol-
ogy of Wisconsin, and, for the latter place, of a large scale contour man-
uscript map furnished by the courtesy of the Chief of Engineers of the
United States Army.

My own field studies during the year included: (1) An examination
of the Quinnesec schists, in company with Dr. Williams’s party; (2) a
study, in company with Professor Van Hise’s party, of the contacts be-
tween the Penokee iron-bearing series and the gneissic formation lying
to the south of it; (3) a study, in company with Mr. Merriam’s party,
of the vieinity of Vermilion Lake, in Northeastern Minnesota, and of
the country for some 40 miles east and northeast of that lake, in which
study I made an extended canoe trip through Vermilion, Mud Burnt-
side, Long, Falls, and Farm Lakes to White Iron Ldke, and thence
throngh the Mishiwishiwi River to township 64, range 9 west, thence
northward through Jasper, Moose, and Wind I.akes to Basswood Lake,.
and thence through Basswood, Ifalls, Loug, aud Mud Lakes to Vermil-
ion Lake; and (4) some brief studies of the Baraboo region of Central
Wisconsin. The examinations in the Quinnesec and Penokee regions
were made in July, those in the Vermilion Lake region during the lat-
ter part of July and August, and those in the Baraboo region in May,

OFFICE WORK.

The office work of the year included petrographic stndies, mapping
and other dranghting, photography, the preparation of publications, and
the general study and correlation of results. My own office work was
partly at Madison, Wis., and partly at the general office of the Survey
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in Washington, where I was oceupied between December 28, 1885, and
April 7, 1886.

Petrographic work.— Petrographic studies, particularly the micro-
scopic study of thin sections, occupied much of my own time, as also
most of the time given by Professors Van Hise and Williams to office
survey work. We added to our collections during the year 2,300 hand
specimens and 2,170 thin sections, of which latter 1,339 were made at
Madison and 831 at Washington.

My own microscopic studies have been mainly in connection (1) with
the question of the origin of the ferruginous schists and iron ores of the
Lake Superior country, and (2) with our studies of the geology of
Northern Minnesota, more particularly with reference to the mapping
of the formations of that region. For the first of these studies I exam-
ined in detail some three hundred thin sections from all portions of the
Lake Superior region, while for the second we have altogether over
eight hundred sections. The latter have not all been studied in detail,
but have in large measure been examined sufficiently to enable us to
correlate the exposures they represent and to determine the several rock
species of the region.

Professor Van Hise’s microscopic work has been mainly in connection
with the preparation of the volume on the Penokee-Gogebic region, to
appear under our joint anthorship. For this work he has studied in
minute detail some five hundred thin sections, preparing full written
descriptions of each. He has also prepared briefer descriptions of some
four hundred thin sections representative of the granitic and gneissic
region of Central Minnesota. These descriptions were prepared, par-
ticularly at the present time, for the information of Prof. C. W. Hall,
who has done the field work in this region and who was engaged dur-
ing the past year in the preparation of a report of the results of his
work. Professor Van Hise also aided me in my wmieroseopic studies
of the ferruginous schists of the L.ake Superior region by preparing
written descriptions of several hundred thin sections of this class of
rocks. :

Dr. Williams’s petrographieal work, done wholly in the petrographical
laboratory of the Johns Hopkins University, was directly connected with
the field work done by him, as already explained. In connection with
the study of the greenish schists of the Quinnesee region he examined
in detail 161 sections and in connection with the Pigeon Point work, 244.

Mapping and draughting.—The mapping and draughting work of the
year was chiefly done, as heretofore, by Mr. W. N, Merriam. This work
included the preparation of large scale working maps of varions por-
tions of the Lake Superior country, the plotting npon them of our field
results, and the preparation of cuts and maps for publication.

Photography.—Mr. Merriam also continned to devote a portion of his
time to photographic work, including the exposure of negatives in the
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field and their development and printing from them in the office. Not
counting such as proved altogether unsatisfactory on development, we
added to our collection during the year 127 new negatives, mainly 8 by
10 inches in size.

Publications.—As results of the work of this division the following
publications appeared during the year: (1) ¢‘The Junction between the
Eastern Sandstone and the Keweenaw Series on Keweenaw Point,” by
R. D. Irving and T. C. Chamberlin, 124 pp., 17 pl.,, Bull. U. 8. G. S.
No. 23; (2) “On the Enlargement of Hornblende Fragments in Cer-
tain Rocks,” by C. R. Van Hise, 5 pp., Am. Jour. Sei., Sept., 1885 ; and
(3) “The Origin of the Mica Schists and Black Mica Slates of the Peno-
kee-Gogebie Iron-Bearing Series,” by C. R. Van Hise, 7 pp., 1 pl,,
Am. Jour. Sci., June, 1836. The preparation, but not the printing and
publication, of the first two of these papers fell within the fiscal year
188485

The preparation of the following papers for publication was also com.
pleted during the year: ¢ The Classifica tion of the Early Cambrian and
Pre-Cambrian Formations,” and ¢ The Origin of the Iron Ores and Fer-
ruginous Schists of the Lake Superior Region,” both by IR. D. Irving.
The first of these papers appears in another place in this volume. The
other paper will appear in the American Journal of Science for October,
1886. In addition to this much work was done during the year by both
Professor Van Hise and myself in the preparation of a final memoir on
the Penokee-Gogebic region. The field and microscopic work for this
memoir is essentially completed, as is also much of the text of the
memoir itself, It was expected that it would be ready by the 1st of
July, but, in accordance with your instructions, my own work upon
it was set aside in order that I might prepare the above ndmed paper
on the pre-Cambrian formations.

RESULTS.

Within the scope allotted to such a brief report as this 1t will not be
possible to give any complete acconnt of the year’s work. Such an
account can only be given in the shape of socmewhat extended papers
and memoirs. I may merely say that among the subjects to which
special study has been given during®*the year the following should be
named as having led to certain definite conclusions which are not only
of some general scientific importance but have a direct bearing upon a
satisfactory geological mapping of the region under survey —indeed,
are necessary pre-requisites to it.

The stratigraphy and lithology of the iron-bearing series of the Penokee-
Gogebic region.—Our studies of this region, which has an exceptionally
great importance as the best attainable type with which to compare
the other iron-bearing formations of the Lake Supeuor region, are es-
sentially complete.



IRVING. ] THE HEADS OF DIVISIONS. 75

The general geological structure of Northern and Northeastern Minne-
sota.—The great triangle of 24,000 square miles lying between Lake
Superior, the national bonndary line, and a line drawu southward from
the Lake of the Woods to the vicinity of Little Falls, on the Mississippi
River, has now been traversed sufficiently to enable us, by the further
aid of onr petrographic studies of the specimens gathered, to give a
satisfactory account of its general geological structure. I had antici-
pated the presentation before now for publication of an account of the
geology of this region, but our time being fully occupied otherwise it
has been decided to set this aside and make a few additional studies
in the least known portions of the district before publishing.

The origin of the ferruginous schists of the Lake Superior region and
their accompanying iron ores.—The studies of the yearled us for the first
time to any satisfactory conception of the origin of these singular mate-
rials, which we may now say, I think somewhat confidently, can be
demonstrated to have arisen in the main from the silicification of fer-
ruginous carbonates, which were, in some measure, analogous to those of
the Coal Measures. That these ferruginous materials were originally
iron carbonates of some sort is a view which has often been advocated
in the past, but no demonstration has ever before been offered nor does
any conception of the nature of the process appear to have beeu reached.

The divisibility of the Archean formations.—The conclusion that the
Archean formations of Lake Saperior are divisible info two discordant
members, to which Logan’s terms Huronian and Laurentian should be
applied, though with somewhat different limitations from those assigned
them by geologists of late years, has been abundantly confirmed by new
evidence gathered during the year. I think that we may say that we
are now prepared on a definite principle to separate those two forma-
tions in mapping. Such a separation would differ from that indicated
ou the preliminary map of the Northwestern States, published by me in
the Fifth Annual Report of the Survey, in that the areas to be colored
for the Huronian would be greatly restricted in size. Most of the areas
which on that map were provisionally colored for Huronian include, as
was then suspected and as we now know, many schistose rocks which
are an inseparable portion of the basement formation. Some of them
possibly are wholly referable to that formation.

The ortgin of such chloritic schists as present themselves. at the several
falls of the Menominee River, on the boundary between Wisconsin and
Michigan.—That such schists as these, which are typical of a kind hav-
ing a very wide spread in the Lake Superior region, are the result of a
metasomatic alterafion, accompanying great pressure, of some sort of
eruptive greenstone, we have suspected for some time, the field observa-
tions rendering such a conclusion very probable, as is set forth in my
paper in the Fifth Annual Report of the Survey. We are now able,
however, as a result of Dr. Williams’s detailed studies in the Quiunesec
region, to announce such an origin for them with a great deal of confi-
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dence. Among the Quinnesec rocks Dr. Williams has distinguished
three types of greenstone, namely, light colored gabbro, light colored
diorite, and a dark colored diabase, with cach of which are associated
peculiar and characteristic schists. That these schists grade impercep-
tibly into their associated massive rocks and that they have originated
from them by distinetly traceable mineralogical and structural changes
the thin sections scem distinctly to demonstrate.

The origin of the upper mica schists of the iron-bearing series.—In both
the Penokee and Marquette regions pcculiar mica schists are largely
developed in the upper horizons of the iron-bearing gronp. Professor
Van Hise’s microscopic work enables us now to say that these mica
schists have been developed from entirely fragmental rocks, composed
mainly of quartz and feldspar, by a simple, easily traced process of
metasomatosis. -

As herctofore, Mr. Merriam is the only assistant on my division of the
Survey who has been employed constantly throughout the year. The
following have been employed on a per diem salary for such times as
their services were needed or could be procured: Assistant Geologists
C. R. Van Hise, G. H. Williams, C. W, Hall, and W. W, Dauniells; also,
as office assistants, T. A. Polleys, N. M. Thygeson, and J. R. Thompson;
and as field assistants, W, 8. Bayley and H. B. Smith, besides a num-
ber of canoemert and packers.

All of which is respectfully submitted.

ROLAND D. IRVING,
Geologist in Charge.
Hon. J. W. POWELL, ’ ,
Director U. 8. Geological Survey, Washington, D. .

REPORT OF PROF. T, C. CHAMBERLIN,

DEPARTMENT OF THE INTERIOR,
U. 8. GEOLOGICAL SURVEY,
DI1vVIsSION OF GLACIAL GEOLOGY,
Beloit, Wis., July 1, 1886.

SIR: I have the honor to submit the following report of field and
office work of the Glacial division during the fiscal year ending June 30,
1886 : .

. My personal attention during the month of July was chiefly consumed
in executive work incident to the beginning of the fiscal year and in
the completion of a paper upon the driftless area for the Sixth’ Annual
Report of the Survey. On the 1st of Angust, in association with Prof,
R.D. Salisbury, a reconnaissance of the drift margin from the vicinity of
Bismarck, Dak., to the national boundary line at the foot of the Rocky
Mountains was undertaken. It was not thought wise in the present un-
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settled condition of much of the territory to attempt a detailed tracing of
the drift border, but rather to determine a sufficient number of points to
fix beyond question the general course and character of the border.of the
drift in Northwestern Dakota and in Montana. The greater portion of
our time was spent in the delimitation of the drift in the Judith Basin
and the extreme Upper Missouri Valley and along the foot of the Rocky
Mountains, these regions being regarded as more fertile in significant
phenomena than the regiou intermediate between them and the well
known drift tract of Dakota. Determinations of the border were, how-
ever, made at two points west of Bismarck and east of the Little Mis-
souri River, and also in the Yellowstone Valley. It was ascertained
that the border of the drift, which in Southern Dakota lies nearly par-
allel to the Missouri River, on reaching the latitude of Bismarck turns
to the westward, passing about 10 miles north of Taylor, Dak., and
crossing the Yellowstone River about 20 miles below Glendive, Mont., or
60 miles above its mouth, though scattered bowlders occur several miles
to the southward in each case. The drift limit was found to cross the
trail from Fort Maginnis to Stony Point on the Missoari River at about
18 miles from the latter. West of this the margin is deflected to the
northward, striking the Missouri River at the mouth of the Judith River,

west of which it swings again to the southward, and passing along the
= northern foot of the Highwood Mountains crosses the Missouri River

above the mouth of the Snn River. Beyond this it curves rapidly to the
north, being here about 40 miles distant from the Rocky Mountains. As
traced northward it approaches them and passes the boundary at the
very foot of the mountains, as some years since determined by Dr. G. M.
Dawson, of the Canadian Survey. The drift area was reconnoitered for
considerable distances within the border, reaching at one point as far
back as Fort Assiniboine., 7The edge of the drift was found to be every-
where attenuated, nowhere terminating by ridged accumulations of the
nature of a terminal moraine. Conclusive evidence of its northeasterly
derivation was found. Incident to the discrimination of the northeast-
ern drift some attention was given to the local ¢ mountain wash” from
the Judith, Snowy, Mocassin, and Highwood Mountains, and more par-
ticularly from the great Rocky range. At the headwaters of the Téton
River impressive evidences of an ancient Rocky Mountain glacier were
found in the form of moutonnéed rocks and a well characterized mo-
raine, forming a loop around the débouchure of the stream from the
mountains. About the headwaters of the Marias River, another tribu-
tary of the Missouri, there was also fouud a magnificent terminal mo-
raine, marking the limit of a much greater ancicut glacier, which moved
out npon the plains 25 miles from the monntains.

Parting from me upon the 29th day of August, Professor Salisbury
made a brief examination of the valley drift of the Yellowstone River
at Billings and in the vicinity of Glendive, with a view to distinguish-
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ing this semi-local drift from that of the northeast as well as to deter.
mining the ancient fluvial conditions of the region.

In three days at the beginning of September spent on the eastern
slopes of the Roeky Mountains, in the vicinity of Helena and Marys-
ville, Mont., I found no unquestionable evidence of glaciation, but on the
western side, above Elliston, a well developed moraiue was found indi-
cating a local valley glacier of considerable extent. On the 8th day of
September I discovered and explored a fine moraine on the northeast
side of the Mount Powell group, southwest of Garrison, Mont., formed
by an ancient glacier, which pushed forth some 5 miles beyond the foot-
hills of the mountain cluster. From September 9 to September 13 I
was engaged in reconnoitering the valley of Flathead Lake, giving
attention chiefly to the extensive moraines that were formed by glaciers
issuing from the Rocky Mountains and filling the greater portion of the
broad, flat bottomed valley. A curious phenomenon, consisting of a
series of parallel water marks of the nature of cxeeptionally slight ter-
races sweeping around the sides of the valley and encireling the isolated
hills within it, like gigantic musical staves, also occupied a portion of
my attention, My time from September 14 to September 24 was spent
in the region of Lake Pend d’Oreille, Idaho, where decisive glacial phe- -
nomena are widely displayed. The more noteworthy objects of atten- .
tion consisted of (1) the striated mountain sides bordering the lake on ’?
the north and the west, and reaching thence northward through the
Kootenay Pass, a broad ancient river valley, to the Kootenay River,
and thence to British Columbia; (2) the drift-filling of this essentially
abandoned valley; and (3) the great overwash stream of gravel stretch-
ing from the southern extremity of Lake Pend d’Oreille into the Spo-
kane Valley, constituting the Spokane plains and blocking back the
waters which form the Cceur d’Alene Lake. Iromn September 24 to
October 3 was given to observation in the Willamette Valley and in the
basin of Puget Sound. The subsequent fifteen days were spent at
private expense in observations on the glacial phenomena of British
Columbia and of the plains adjacent to the Canadian Pacitic Railway,
for the pprpose of comparative studies of drift phenomena.

Tollowing a brief interval of office work my time from October 30 to.
November 21 was given, in connection with Mr, G. K. Gilbert, to an
examination of the terraces of the Monongahela, Alleghany, Upper:
Ohio, and Beaver Rivers, resulting in the gathering of important evi-
dence relative to the distinetness of the glacial epochs and the discrimi-
nation of the character and conditions of the formation of the terraces.
in question. Between December 15 and December 23 I reconnoitered
the drift border in West Central Missouri. Betwceh May 18 and May
25, 1886, 1 visited the areas of noted glaciated rocks at the eastern and
western ends of Lake Irie, notably the islands of the latter region, for-
the purpose of studying the remarkable developinents of grooving and
striation there so exceptionally developed and securing photographic.
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illustrations of typical and unusual forms of glacial scorings. Between
June 15 and June 25 I held field consultations with Mr. N. S. Shaler
respecting the phenomena of drumlins and kames near Boston and of
morainic accumulations and associated stratified deposits on Martha's
Vineyard, and with Prof. J. D. Dana, of New Haven, and Prof. B. K,
Emerson, of Amherst, Mass., respecting the terrace phenomena of the
Connecticut Valley. '

The remainder of the year was consumed in executive duties, the
study of results, the preparation of the paper on glacial striation which
appears in this volume, and with incidental minor studies.

During the winter Prof. R, D. Salisbury pursued at intervals his mi-
croscopic studies upon the residuary earths, loess, and glacial silts,
with reference to determining the degrees of their assortment, the grada-
tions in the size of their particles, and their mineralogical constitution.
Some of the more important results were secured early enough to be
incorporated in the proof of our joint article on the driftless area which
appeared in the Sixth Ananal Report.

Prof. J. E. Todd was occupied from the 1st to the 17th of Jnly, 1885,
iu finishing a first draft of the manuscript for his bulletin upon the
drift of Southern Dakota, On the latter date, with Mr. C, A. Love as
assistant, he started for the field, and on the 21st began a brief re-ex-
amination of the region about the Bijou Hills and the mouth of Platte.
Creek, in Sonthern Dakota. On the 25th of July he began an excursion
west of the Missouri River into the region south of the White River,
with the object of determining the limit of the drift and the nature of
the terraces of that region in connection with other glacial features.
From the 1st to the 11th of August he was engaged in a re-examination
of points between the Missouri River and the Wessington Springs, which
resulted in the following determinations: (1) The existence of a drift.
less region occupying the northwestern portion of Buffalo Connty ; (2).
the occurrence of a bowldery terrace along the Missouri River at the
Great Bend at the height of from 300 to 350 feet above the river; and
(3) the existence of lines of very stony drift hills, resembling osars, in
the more important valleys outside the moraine. The principal moraine
was also found to form a nearly continuous line of hills along the east-
ern side of Box Elder Creek, while several miles to the northeast of it.
are three or four isolated clusters of high stony hills which bear evi-
dence of having risen as islands through the ice sheet dnring its declin-
ing stages. Between August 11th and August 15th examinations were
made between Wessington Springs and Madison, Lake County, result-
ing in (1) the location of the second moraine, a few miles west of Woon-
socket, stretching southward toward Mount Vernon; (2) the discovery
of a plain which was apparentiy an old lake bottom, occupying the
eastern half of Sanborn County, extending, as was subsequently ascer-
tained, to the vicinity of Mitchell and Alexandria. The principal de-
posit in this lake was, so far as could be determined, a bowldery clay,
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scarcely distingunishable from glacier till. In the viecinity of Diana and
Forestburg its surface is depressed, so that artesian wells are readily
formed by piercing the bowlder clay to a deposit of sand underneath.
(3) From the eastern edge of this lake bed to Winfred there is a graduoal
rise of the snrface, the streams presenting the peculiar feature of-flow-
ing at right angles to the general slope. (4) The range of high hills
that extends along the Iast Vermilion River was found to decline in
thie castern part of Lake County, forming an interlobate moraine simi-
lar to that of Turtle Point, near Wessington Hills, though less distinct.
Betwecen the 15th and the 28th examinations were made in the country
east of Madison and southward as far as Palisade. It was ascertained
(1) that the principal moraine, after forming a broad loop toward the
southeast, nearly to Madison, turns northeastward along the north side
of Battle Creek. This portion presents more abrupt knolls and more
numerous lakes than any of the more southerly portions. (2) A plain
was found extending eastward from Battle Creek, Lake Madison, and
Skunk Creek to the vicinity of Pipe Stone, Minn., averaging in altitude
about 1,700 feet above the sea. Remote from the principal streams
this plain presents a more even surface than is usual in glaciated re-
gions, there being few basins except along old water channels leading
from gaps in the moraine. The western margin of the plain is nof
clearly distinet from the morainic surface except along Skunk and Bat-
tle Creeks. (3) Along the Big Sioux River, more especially in the bend
north of IFlandrau, there is a lower plain rising only to the height of
1,600 feet, presenting features more closely resembling those of an allu-
vial flood plain. (4) Upon the exposures of the red quartzites in the
eastern part of Minnehaha County and adjacent parts of Minnesota
glacial scratches were found to have diverse directions. This was es-
pecially marked near Pipe Stone, where the directions ranged from south
20° west to south 57° east, sometimes within a few feet. Farther south
the directions range from south 30° east to south 75° east magnetie.
(5) Along the Split Rock Creek, south of Pipe Stone, Minn., prominent
knolls and clusters of knolls were visited, which presented kame-like
contours whose interiors exhibit sand thinly covered with bowldery
clay. (6) Along the eastern slope of the principal moraine in Minne-
haha County systems of bowldery hills were noted within the valleys
extending eastward from gaps or shallow outlet channels in the mo-
raine, In their general relations and appearance they resemble those
noted above.

A journey was taken from Mitchell to Fort Randall and an examina-
tion was made of the divide between the Missouri and Ponca Rivers.
During this journey a section was constructed nearly at right angles to
the moraines, reaching from within the second to the elevated Tertiary
sandstone beyond the limit of the drift.

The week following September 3d was spent in visiting several local-
ities in the contiguous portions of Jowa and Nebraska for the purpose of
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examining the old drift deposits adjacent to the formations in Dakota, the
terraces and the loess being the chief subjects of study. Field work
closed on September 11th. :
" Between December 21st and January 1st an examination of the border
of the drift in Bast Central Nebraska was made, during which the limit
was ascertained to pass through.the following towns: Friend, Seward,
Brainard, Wisner, and Wakefield. Near Berks, Nebr., bowlder clay
was found resting upon stratified sand beds without the slightest dis-
tortion of the latter. There was also found in the southern part of
Seward County a deposit of volcanic ash intercalated between layers
of stratified drift containing bowlders of red quartzite from Dakota. .
- Mr. Warren Upham was employed during the greater part of the .
vear in an investigation of the area of the extinct Lake Agassiz,
which is practically equivalent to the basin of the Red River of the
North. His leading work was the determination of the precise extent
of the ancient lake and of the altitndes formerly reached by its several
portions, the object being to determine precisely the changes of water
level that have taken place since the glacial epoch and that thus afford
-data for the solution of the larger problem of recent changes in drainage
conditions. In connection with this investigation the extent of the an-
cient lake deposits which furnish the subsoil of that remarkably fertile
and exceptionally smooth-surfaced tract was accurately mapped and a
contribution was thus made to the study of the relations of soil and
topography to agricultural methods.

In July and August, with Mr. R. H. Young as assistant in leveling,
Mr. Upham determined the course and elevation of the highest beach
line of this extinet lake from its mouth, at Lake Traverse, northwest-
ward and northward throngh Northeastern Dakota to the international
boundary. In the northern portion this shore line is fonnd to coincide
with the conspicuous promontory called the Second Pembina Mountain,
which is the eastern edge of a plateau of Cretaceous shales mostly cov-
ered by drift deposits.

Instead of being now level, as at the -time of its formation, this outer
beach of Lake Agassiz shows, along its whole extent, as thus far sur-
veyed, a gradual ascent northward, amounting to about 185 feet in this
distance of about 225 miles. The area that was covered by this lake is
now the vast plain widely famed as the Red River Valley of the North.

In September Mr. Upham examined the region about Red Lake, in
Northwestern Minnesota, with a view to fixing some points on the border
of the ancient lake in the wooded region. where continnous tracing and
leveling are too tedious and expensive to be justified in advance of the
settlement of the conntry.

In the interval between October 17th, 1885, and March 1st, 1886, in
accordance with the provisions of his engagement, Mr. Uphamn was not
employed upon the Survey. During the three months following he was

"7 GEOL——6 '
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engaged in preparing his data for publication. As a part of his results.
the material for a bulletin was submitted in June.

On the 15th of June he again took the field, devoting his attention
to an examination of the interior of the basin and a study of the lower
beach lines that mark stages of recession of the lake due to the cntting
down of its outlet. These observations, it is hoped, will give additional
evidence relating to changes of level and drainage conditions, since it
has already been ascertained that their rate of rise to the northward is
less rapid than tbat of the outer beach.

At the opening of the fiscal year Prof. George H. Stone wag engaged
in field work in the vicinity of Richmond, Me., in continuation of his
previons special investigations of the gravels of that State, particularly
its remarkable osars. His attention was at first directed to the exami-
nation of a supposed terminal moraine on Swan Island, Kennebec River.
During the remainder of the month of July he was engaged in ex-
ploring the gravel ridges of Kennebee, Androscoggin, Cumberland, and
Oxford Counties. He traced out a large number of diseontinunous gravel
ridges and gravel plains, a portion of which appeared to be clearly
parts of genetic systems, while other examples were withont tracea-
ble connections. A large percentage of them were side-gravels, that
is, short ridges beginning on the south slope of a hill and running
down to the bottom and soon terminating. The glacial gravels in the
lee of the White Mountains were found to present characteristics quite
different from the long osars of the Penobscot region. Incidentally,
evidence was gathered relative to the changes of drainage of the An-
droscoggin basin during the Glacial and the Champlain periods. An-
gust was occnpied In investigations in the extreme southwestern portion
of the State, chiefly in Cumberland and York counties. A number of
remarkable gravel systems were traced out and mapped and many feat-
ures were noted that are peculiar to the gravel deposits of this region
in distinction from those of the eastern portion of the State. They
were found quite aniformly to take the shape of broad systems of close-
ly reticulated ridges or broad sheets very different from the definite
two-sided ridges of the eastern region. As a result of the difficulty of
sharply distinguishing these from valley drift, previons information was.
found unusually defective and very important additions to existing
knowledge were made. One of the more interesting features of the
gravel systems of this part of the State is the way in which they divide
or branch outward toward the south like delta streams. Often there
is a second branching. Sometimes they send branches from east to west,.
or the reverse, to join the neighboring systems. The gravel streams.
here also elimb to unusual heights and pass over cols occasionally three
or four hundred feet higher than the adjacent lowlands.

The first half of the month of September was occupied in far ther ex-
plorations of the southwestern corner of the State and . in completing
details in the counties examined earlier in the season, embracing the:
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phenomena due to the submergence beneath the sea during the deposi-
tion of the gravels and the subsequent modifications wrought by it.
During the month of June, 1886, Professor Stone again resumed the
working out of the details of the gravel systems of Southwestern Maine.
During the winter a portion of his time was given to the study of data
and the preparation of maps and reports thereon.

The work of Prof. G. F. Wright on the Survey during the year was
limited to twenty four days in the field and about an equal amoun?t upon
the completion of his report. His examinations were directed toward
- adding data to the large body of facts previously collected respecting
the glacial border in Pennsylvania and the terraces of the Upper Alle-
ghany River. A number of photographs were taken illustrating sig-
nificant features of the formations examined. The report of Professor
‘Wright apon this material and that previously collected is now essen-
tially completed.

During the early portion of July, 1885, Prof. W. M, Davis made a,
careful and detailed study of the striation of Mount Monadnock for the
purpose of determining the effect of such an isolateéd obstacle upon the
ice currents that overflowed it. The result was a very satisfactory
demonstration of the incurving of the currents in the lee of the mount-
ain. The latter part of July was devoted by Prof. Davis to studies in
connection with another division of the Survey. In August he made
a brief study of two recent gorges near Canajoharie, N. Y., with ref-
erence to the time and method of their production, and also a brief
inspection of the gorge at Little Falls, N. Y. His chief attention, how-
ever, was directed to the study of the remarkable parallel and dolphin-
backed drift ridges of Wayne and Cayuga Counties, N. Y., which have
been known variously as drums and drumlins, or lenticular, elliptical
or mammillary hills. This region presents exceptional opportunities
for the stndy of these peculiar forms of drift accumulation, since they
here vary from the short mammillary type to those which are elongated
to the extent of two or three miles. A considerable area was mapped
and critically studied by Mr. Davis, both in respect to their shapes and
positions and to their internal structure. In this work he was assisted
by Mr. C. L. Whittle, '

Mr. I. M. Buell continued his studies upon the bowlder trains of South
Central Wisconsin, giving during the year sixty days to fleld work and
the plotting of results. His work related almost entirely to the quartzite
trains in Dodge, Jefferson, and Dane Counties, to which reference was
made in my last administrative report. To the general purposes and
objects of this special study there set forth, namely, the determina-
tion of (1) the amount of glacial abrasion of the parent quartzite knobs,
(2) the amount of wear of the transported material in transit, as shown
by the progressive degrees of rounding and reduction of the material
found at different distances from the parent outcrop, (3) the lateral



84 ADMINISTRATIVE REPORTS BY

dispersion of the material as it was borne onward, and (4) other charac-
teristics of the trail as a whole, there were added, during the year,
special studies on the topographic-relations of the transported material
aund of its distribution through the body of the drift, in the endeavor to
discern the laws of lodgment of the material. The areais characterized
by drumlins, and also by kames, and the derivation of some data bear-
ing upon the formation of these peculiar drift accumulations was also
among the objects sought. It was necessary to spend a considerable
portion of the time in the construction of a topographic map as a neces-
sary means of representing the facts obtained.

During the month of June Mr. Frank Leverett was engaged in cate-
gorically collecting data regarding the drift deposits of Northeasteru
Illinois, chiefly in Boone, McHenry, Kane, and De Kalb Counties, pre-
paratory to a contemplated study by myself of the obscure and compli-
cated relations of the successive drift deposits of that region.

In connection with the special sabjects of investigation of the Atlantic
Coast Division, in charge of Prof. N. S, Shaler, considerable work rela-
tive to the glacial drift has been done by him or under his immediate
direction, among which the following merit notice as a portion of the
work of the year upon the glacial formations. Professor Shaler mapped
in detail the glacial drift on theislands of Nantucket, Martha’s Vineyard,
and Mount Desert, and reports upon the same are in an advanced state
of preparation. He also began and carried to an advanced stage the
study of a bowlder train which extends from the deposit of ilmenite
in. Cumberland, R. I., to Gay Head, Mass., and cansed to be prepared
a map and model of the interesting kame district in the valley of the
Taunton River near Steep Brook, Mass. Professor Shaler also had the
drift area about Cohasset, Mass., carefully examined and mapped. In
the above work he was aided by Messrs. T. W. Harris, A. S. Haskell,
RR. Hayward, J. P. Johnson, and C. S. Thompson.

Professor Shaler’s work was directed toward the accomplishment of
two ends, first, the mapping of the drift along the coast line, and, sec-
ond, the study of certain selected problems which can advantageously
be investigated in that part of the glacial field. The above named
iSlands were chosen for the areal work because the excellent Coast
Survey maps afford the necessary basis for satisfactory delineation.
The general subjects selected for examination included the glacial
bowlder trains, the kames, csars, and terraces, and-the action of the
glacial sheet on the rock surface over which it moved. These inquiries
have shown that the shore line of New England affords valuable data
respecting several of the yet unsolved drift problems. A study of the
glacial train from Cumberland Hill,in Rhode Island, makes it clear that
there was a tolerably rapid lateral dispersion of the bowlders in that
. instance at lcast. The area overspread by the waste expands in the
course of 15 miles from 1,000 feet to about 20,000 feet in width. The
study of the kames led to the impression on the part of the investigator
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that they were formed at or near the mouths of glacial sireams and
that the average distance to which the glacial waste was carried by
these subglacial streams was much greater than that to which the
adjacent till or ground moraine was carried. The general course of
the ice movement is well indicated by the bowlder trains, it appearing
from them, as well as from the less trustworthy indications of the glacial
seratehes, that both on the coast of Maine and on the sonthern coast of
Massachusetts about Narragansett Bay, the ice, on escaping from the
mainlands, where its course was in part determined by the north and
south valleys, was considerably deflected to the castward.

Considerable attention was devoted to the study of evidences indi-
cating whether or not New England was depressed below the level of
the sea during the glacial period, and the measure of its subsidence, if
snch occurred. Attention was also directed to the evidences indicat-
ing advances and recessions of the ice sheet during the glacial epoch.

1t is fitting also here to note that in the pursuit of data relative to
orographic changes, Mr. G. K. Gilbert, in charge of the Appalachian
Division, traced out an ancient beach line of Lake Ontario from the
vicinity of Watertown, N. Y., to the Niagara River, determining its
altitnde at frequent points along this extent, and demonstrating that
the ancient lake had its outlet through the Mohawk Valley and was
presumably blocked on the northeast side by the retiring glacier.. This
investigation showed differences in altitude between the eastern and
western portions of the beach line amounting to 370 feet.

Respectfully submitted.
T, C. CHAMBERLIN,
: Geologist in Charge.

Hon. J. W. POwWELL,

Director U. 8. Geological Survey, Washington, D. C.

REPORT OF DR. F. V. HAYDEN.

DEPARTMENT OF THE INTERIOR,
U. S. GEOLOGICAL SURVEY,
MONTANA DIVISION OF GEOLOGY,
Philadelphia, Pa., July 1, 1886.

Sir: I have the honor to submit the following report of operations
of the Montana Division for the year ending June 30, 1886:

During the field season of 1885 the work of the previous season in
the Gallatin Valley was extended, particular attention Leing paid to
. the sonthern end of the Bridger Range and the extension of its beds
on the southern side of the Gallatin Valley. The fieid party was organ-
ized at Bozeman on the 22d of July. While the arrangements were
being completed, Dr. A. C. Peale revisited Spring or Rocky Cafion and
re-examined the section made by him in 1872,
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After a week spent in work at this locality and in the vicinity of
Mouut Ellis, the study of the eastern side of the Bridger Range was
begun. This oceupied about two weeks. Bridger Creek was followed
to its head and the divide to Brackett Creek crossed. The range was
ascended at several points and the strata were carefully studied. The
presence of the Devonian formation in this section was positively de-
termined.

The coal beds, which are profitably worked near the Bozeman tun-
nel cf the Northern Pacific Railroad, were found along the east side of
the Bridger Range as far as onr examination extended. The disturb-
ances of the strata, due to violent uplift and overturning of the south-
ern end of the range, have so crushed and distorted the coal beds that
careful exploitation of the outcrops in each case will be necessary to
determine whether mining will be profitable or not at particular locali-
ties.

After retnrning to the Gallatin Valley the range was ascended at sev-
eral points from the western side and all the caiions cutting into it were
carefully examined. Evidences of glacial action were noted on both
the eastern and western sides. The western foot-hills of the raunge,
from Spring Hill southward to the Bridger Cafion, were found to be
of gneisses, upon which rests the Potsdam sandstone, followed above by
the Silurian and Devonian beds until the summit is reached, when the
Carboniferous limestounes are exposed, forming iu most places the sharp,
almost knife-like crest. In many places the beds are faulted and they
are frequently completely overturned. Collections of fossils were ob-
tained from a number of horizons that have been heretofore deemed
non-fossiliferous. '

The BEast Gallatin group (probably middle Cambrian) does not appear
in this portion of the range, but from Spring Hill northward it forms
the foot-hills on the west and a very considerable part of the main por-
tion of the range itself,

During the latter part of Angust and the early part of September
the upper part of the Silurian section and the lower Devonian beds of
Dry Creek at the north end of the valley were examined and measured.
This completed the detailed section up to the Carboniferous limestones.

A considerable portion of the earlier and later weeks of field work
were devoted to the further study of the lake beds of the valley, with a
view to determining, if possible, their exact age. During the winter
some of the sands which form the so-called Pliocene lake beds, both at
the north and at the south end of the valley, were subjected to micro-
scopic examination, and they were found to be largely made up of
volcanic glass, or pumiceous dust, which was probably carried by the
winds from vents lying to the southward and deposited in the bottom
of the lake that once spread over the Gallatin Valley. The sands and
so-called marls form the lowest layers and rest upon creamy white
limestones, and the particles of glass or pnmice appear to be cemented
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by calcareous material. In the beds forming the central portion of the
deposits there was but little if apy material except the pumice. Some
-of the upper beds have fragments of crystalline rocks mingled with
pumiceous yarticles. The former were evidently derived from the ad-
Jjacent mountains, which undoubtedly formed a part of the shore line of
the lake. Careful search of all these beds has been unsuecessfal up to
the present in regard to organiec remains. Nothing of the kind has
been found in any of the deposits of the Gallatin Valley, so we have no
definite evidence to present as to their age. It is hoped that the more
detailed study of their characteristics and comparison with the lake
beds in other valleys of the Rocky Mouutains, and perhaps with the
known Pliocene and Quaternary lake beds of the plains east of the
mountains, may eventually lead us to a correct conclusion as to their
age. There are certain indications of a possible clew, which, if carefully
followed out, will be produective of interesting results, The work of the
next season promises to reveal some suggestive facts on this point,
as it is proposed to undertake the examination of these lake beds in
a more systematic manner, The areas about the Three Forks and
between the Madison and Gallatin Valleys will be studied and their
.extensions determined, and it is hoped that in this direction the lines
of contact with the underlying rocks may be better exposed.

During the season of 1885 oply six weeks of actual field work could
be accomplished. On the way to the field various mineral spring local-
ities were visited and examined. '

In the office the winter was mainly devoted to the study of the field
notes. Dr. Peale has prepared a second paper on the statistics of the
mineral waters of the United States, for publication in the next volume
on the mineral resources, and he has also completed a bulletin on the
mineral springs, giving complete lists with analyses. The bibliography
.of mineral waters has also been continued.

Very respectfully, F. V. HAYDEN,

, Geologist tn Charge.
Hon., J. W. POWELL,

Director U. S. Geological Survey, Washington, D. C.

REPORT OF MR. ARNOLD HAGUE.

DEPARTMENT OF THE INTERIOR,
U. S. GEOLOGICAL SURVEY, .
YELLOWSTONE PaRBRK DIVISION OF GEOLOGY,
: Bozeman, Mont., July 1, 1886,

S1r: I have the honor to submit herewith the following report of field
and office work conducted under my charge for the year ended June 30,
1886: ' -

Tield operations during the past year were confined almost exclusively
‘to the area embraced within the Yellowstone National Park. On June
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3, 1885, Mr. C. D. Davis left Washington for Bozeman, Mont., to equip
a camp and make all the necessary preliminary arrangements for the
season’s ficld work. From Bozeman he proceeded to the Mammoth Hog
Springs, where he established the first permanent camp for the summer..
Accompanied by Mr. Walter H. Weced, I reached the Park Juune 24,
meeting Mr. Davis at Cinnabar, the end of the railway, with transpor-
tation to take ns directly to camp. Everything was in readiness for
work July 1.

The party for the field season consisted, besides myself, of the follow.
ing assistants, viz: Messrs. J. P. Iddings, Walter H. Weed, George
M. Wright, and C. D. Davis. Mr. Samuel L. Penfield, of the Sheffield
Scientific School, served most acceptably, rendering efficient aid as vol-
unteer assistant for ten weeks during the college vacation.

The first geological work was a careful survey of the Gallatin Range,
a reconnaissance of the region having been made the previous year.
The party was placed in charge of Mr. Iddings, who commenced the
survey near Mount Holmes, at the sonthern end of the-range.

With the assistance of Mr. Wright, I examined the Madison Plateau
from Mount Holmes, where the lavas abut against the Gallatin Range,
southward as far as the Madison Cabon and westward to the end of
the grcat volcanic flow., Later I joined Mr. Iddings for several days,
visiting the most salient points in the structural features of the range.

I returned to the Mammoth Hot Springs in time to meet the commit-
tee of the House of Representatives who visited the Park for the pur-
pose of investigating its present condition and considering what legis-
lation is needed for its future maintenance. I testified before the com-
mittee, presenting <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>